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Contrived after a moſt Comprehenſive Method : 
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Io which is added (upon the ſame Page) The 
Differences and Proportional Parts, whereby the 


" LoGARITHM of any Number under 10,000,000 


may eaſily be found. 
TABLES of Natural Sines, Tangents, and 


Secants, with their LoGaxiTHMs, and Logarithmick 
Differences to every Minute of the Quadrant. 


TABLES of Natural Verſed Sines, and their 
| Logarithms, to every Minute of the Quadrant. 
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To Mr. Edm, Halley, Savilian 
Profeſſor of Geometry, in the 
Unterfity of Oxford. 


SIX. 
T being univerſally acknowledged 
that by the Learned Profeſſors of 
Geometry in the Savitian Caars, 
| (viz, Mr. Briggs, Dr- Wallis, and Tour 
Self ) the Logarithmical Art hath re- 
cetv'd its greateſt Improvements, and the 
Uſe of thoſe Numbers have by them 
been fully taught and diyulged, Tis 
to You therefore, who ſacceed, and 
ſhare equally with your Famous Prede- 
ceſſors in the ſame honourable Poſt, 
ſand in Memory of them) that I think 
my ſelf bound in Juſtice to preſent theſe 
Collections. 
Mr. Briggs, with exceſſive Patience; 
Calculated Thirty one CHiliads of theſe 
Decimal Logarithms, to Fourteen Places, 
alſo theSines, Tangents, Secants, with the 
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Logarithms, Sines and Jangents, and ſhew- 
ed their Conſtruction and Uſe; of which 
Dr. Wallis gives a particular Account 
in the Twelfth Chapter of his Algebra, 
which is our Introduction. 
Then J return you your own Com- 
pendious and Facile Method of Con- 
ſtructing the Logarithms, with the Re- 
verſe of that Noble Problem: And 
indeed, ſetting aſide what 1s Printed from 
Mr. Briggs above-mentioned, or Mr. 
Abr. Sharp (to whom the World is in- 
debted for their Induſtry in this kind) 
the reſt of the Diſcourſes, both before 
and after the Tables, are either Written 
or Choſen by your ſelf; therefore IJ expect 
your kind Acceptance, and remain, 


SIR, 


Your very much Obliged 


Humble Servant. 
London, July 12, 1705+ | 
Hen, Sherwin. 
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PREFACE 


ET ER E the conſtraction and Uſe of the 
Del following Tables known to every Body, they 


Sl ell ould come forth into the World without 
de ny Introductory Diſcourſe ; but as the 
Caſe ſtands, and that Knowleds e is the 
ſhare but of few, it may be proper to add ſomething 
upon both thoſe Heads : And what is bere preſented is 
gathered from the moſt Celebrated Authors that have 
Improved theſe Subjefts amongſt our ſelves, viz. 
Mr. Briggs, Dr. Wallis and Mr. Halley, che Three 
Profeſſors of Geometry in the Savilian Chair at Ox- 
ford: To lead the Reader on from the Beginning, we 
give him the 12th Chapter of Dr. Wallis: Algebra, 
which treats of the Original of Logarithms, and gives 
a full Hiſtory of their Progreſs. To this is ſubjoyn'd 
Mr. Halley's Compendious Method of making Loga-+ 
rithms, which proceeds abſtractedly from the Nature of 
Numbers without any regard to the Hyperbola; ow 
which is deduced for Prattice the making of the 
Natural, and Mr. Briggss: With — further 
Proſecution of the ſame Subject, generouſly Communi- 
cated by the ingenious and, unwearied Mr. Abr. Sharp, 
with his Table of — to aboye Fifty Figures; 


as 
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as alſo the Hyperbolick Logarithm of 10 to 80, and 
its Reciprocal, to 63. Then follows by the ſame Hand, 
the Conſtruction of the Sines, Tangents and Secants ; 
with the whole Proceſs of the Guadrature of the Circle to 
72 Figures: Which Quadrature was invented, and here 
demonſtrated, by the above-mentioned Mr. Halley. 

To come to the principal Part of the Performance; as 
to the Tables, we may venture to fay (without Partiality) 
that we offer here a more compleat Set of them than can 
be found in any other Book now Extant, and doubt not, 
but upon careful Perufal, they will be found as Uſeful 
and Correct, The Method we obſerved in Printing the 
Logarithms is according to that Excellent Abbreviation 


of Dr. John Newton in bis Trigonometria Brittan- 


nica ; to which is added, the Differerce between each 
Logarithm, and the Proportional Parts, in the laſt 
Column of the ſame Page; by which the Logarithm 
of any Number (& contra) under 10,000,000 may 
be readliy found, without turning to any other Page. 
The Manner of placing the Tables of natural Sines, 
Tangents and Secants, and their Logarichms, is ab- 
folutely New, and very Advantageons ; for to each 
Logarithm in thoſe Tables are placed the Differences 
which are common to the Colunm of Logarithms on 
both ſides : By which the Seconds may be eaſily found. 
And for that End, between them and the Table of Lo- 
garithms, is placed a ſmall Table to convert Sexa- 
gelimals into Decimals, and contrarily. 
The next and chief Thing confiderable in the Tables, 
is their Correfineſs.; and here we will give à particular 
| Ace 


T—"" Th SS DN.,&d =» TT. A ER aa 


» 


The 


"Account of the Meaſures we took to make them ſo. As 
or the Table of Logarithms it was examined from 1 
Ito 20000 and from 90009 to 101000 by Mr. Briggs's 
Arith- Logar. Printed at London 1624, and from 1 
to 100,000 by Adrian Vlacq's Table, Printed at 
Goudz 1638. And to [hew our Care herein, as well as 
for Publick Service, we here place a Table of the Errors 
we found (wben Correcting our own) in Mr. Briggs's and 


PREFACE. 


Vlacq's above-mentioned Canons; and becauſe Vlacq's 
own Errata Table is found in few of bis Books (inſomuch 
that Dr. Newton's above- mentioned Canon is printed 


with all bis Errors) therefore we thought it neceſſary to 
give it bere with our Additions. 
uch of his Errours as we now found are marked with (a), 
and a ſingle one in Mr. Briggs's with (b); and thoſe 
Wpybich are Common to Mr. Briggs and Vlacq are 


Where Note, that 


1 - 
Tnarked with (B). 
Now.) Leger. | N. Leger. | Num.| Leger. Nun. Logar, | Num. | Loger 
80] B. $9879 |5126 | 86018] 5482] 3.97689 [15 306 17090 | 45090 02353 
169] 67046|5194| 19453] 97 02870 15843 74222 | 48376 |a 4.99556 
183 | 2-26245 |5222| 68675| 9972]B 22698 [164651] 62149 49702 [ 27458 
= 69571 |6157| 14961] 9973|B 58190 [17509| B 13427 | 49717 [ 49148 
5%0| 2-76342 | 6207 | 17454 | 1008] 16313117773] 424976] 45880] 64448 
590] 2+77085 | 6257 | 3.79636 | 10061|B 11490 [19780 17566 56359 [ 32786 
968| 2 98557 | 6841 | 95904| 10096 | 93419 [19009 92707 | 57756 476159 
12390 B 13064 | 6941] 20444| 10292|B 97775 [t õ 25036| 6ogoo | 69385 
1298|B 46925 | 6957 [B3-84242 | 10847 | 96402 [19113 $8598 | 61999 [2 4.79238 
1309] 9646617775 | 3.890 10859] 983331 [19195 $1165 | 6209013 15598 
1321] 28176|7830| 3.89375 | 11003] 111300634 a 4.3187 | 65150 | 10756 
1354] $6643|8077|5 00829! 11332] 6565824862 2 60621 | 66759 |a 4.82450 
1359 94567 | 8556 | 3.93227 | 11440 1B 60245 [*8423| 4.45366 | 67050 4.82639 
1377| ' 39403| 6642] 42620! 11469] 405952[33800| 4.54891 | 73653 | 4.86719 
1626|B 05413] $692] 97176 | 11920 407627 [35560 61871 | 74832]a 73526 
2167] 89113/8832 11955] g58o5 [38780] 78047 | 78700] 47324 
22-434] ©5739] 9174 | 3:96255 | 12328] 26257139844 | 2 4.60036 | 8021: 9345 1 
5340/8 6105] 9176 | © 34049 | x2 16320139845 | 2 4:60037 | 95666 | b 4.95075 
£544] 7107019192] 3.96293 13274] 18133|40598| 460850 | 97105 15935 
3329 37952] 9317 3-96927 | 14020 801 3641018 4 44807 | 97828 [a 4.9046 
3499| 39425] 9354] 73656 14527] 59365 44% 34348 | 99090|B 98284 
$599 34096 | 9429 3.97446 14763 45198 [42506 a 02379| 99910 89550 
4906 | 754391 9480 | 3.97680 | 147851 B cyoig 44656 2 98101 [100008 [a 47422 


The PREFACE, 
"The Tables of Natural Sines, Tangents and Se- 
cants were examined by thoſe of Van Shooten, Prin. 
ted at Amſterdam 1627 (which are ſaid to be with. | 
out one Fault) and Sir Jonas Moor's new Syſtem ; the 
Tables of Logarithmick Sines, Tangents and Secants 
were examined by a Table of the ſaid Vlacqs, in 
large Oftavo, Printed at Goudz 1626, as alſo ) 
the ſaid Syſtem- And in all theſe Examinations there 
were never leſs than Two to harken, whilſt. One read f 
over the printed Sheet to be Corrected. The Table“ 
of Verſed Sines was printed from, and examined 3) 
the Syſtem above-mentioned, they being to be found 1 
where elſe that 1 know of. — 
Me Traverſe Table is new Calculated to a larger 
Radius than any Extant, and was examined with the 
greateſt Care. N 
After the Tables follow the various Uſes of Loga- 
_ rithms made plain to the meaneſt Capacity; to which 
is added, the Solution of Plain and Spherical Trigono-W 
metry by Logarithms, from Mr. Briggs's Engliſh 
Edition of his Logarithmical Arithmetick ; and 
' the Uſe of the Verſed Sines from Sir Jonas Moor 
above- mentioned Syſtem. ; 
The Demonſtration of Compound Intereſt, with ſom'® 
Propoſitions of Navigation, were both of them beſtowel 
by Mr. Halley, and reviſed by him ; as were moſt of 
the Sheets of the whole Diſcourſe : wherein be w, 
pleaſed to make many advantageous Alterations, fas” 
which I return him my hearty Thanks, # 


ERRATA for the ſecand Edition of Sherwin's Mathematical Tables. 


| Num | Logar. || Num|Dif Log. 1] Dj Log. 3c | 
40] I 1743] 248 © — Nat Sine 
358 38830 —— * «s ol 6154. 
10094 os 3 | | Diff, Pts. Pro. —_ 4 
11692 57 ood yo an way 9 
If 323 3438 44 - ons 19.08 the min. 
= 6864 — 2 1850 1oo 
27164 9537 349 2 —— 10.34 the min. 
23370 593 WB DIM Dit. L. Sine Nat, Tan 
23758 7587 [| 31 249 —— 
29282 6007 9— 280 þ 35 the deg. 
30618 9768 3 | the mia. 
20972 | 569311 297) [10168 * 59 : 
31404 9850 [|| 203 9 —18 6 
3333 9135 [DIM UNT. ——4 þ 65 e 
33337 9265 —— Log. Sine . 1 
. 7733072 9.011 þ 639 Nat. Sec. 
, RE eee 
30935 4381 47 213 ? I , 
37091 2685 | | 63138 6 35 
32989 826888 22 35 * 9 17 f 
2949; 76 PU EE , ae 
41237 diode ind one Lb 'T 6830 | 27 
wy 738 = 2 4 7 the deg. 
— wy - * — | 324 | 414 the min. 
43951 0688 | | have care a BM AL 
44468 0476 . _ _ y examined the Logarithms anſwerin 
45093 1091 o all the common Numbers from 1 to 101000 — 
48033 $397 [[the Differences, and the Proportional Parts; and 
48933 255 || the whole Logazithmick Canon of Sines, 7: _ 
70 So — eee rithmick Canon of Sines, Tangents and 
$4033 —— 5 5 — their Differences; and have collected this 
54959 0388 2 wherein I believe I have not omitted the Cor- 
9997 3525 || feftion of any Figure erring above Unity in the loweſt 
579 13 9860 2 — alſo examined the whole — of Natu- 
1 3 : 4386 = * angents and Secantt, and do believe the ſame, 
61972 br; rar III have fewer erroneous Figures 
6198 even / an Sche tens, printed at Amſterdam . 
62651 1275 altho* ſaid to be withourons Fault. ä 
2759 6360 William Gardiner, Land-Su 
626 , rveyor. 
62360 a in — — —.— obſerved that great Care has been taken 
477 | $994 || ber of new Eres reſs for this Edition, by the ſmall Num- 
65537 ab66 || N of new Errors; for in the Logarithms of the common 
69318 | 8450 Numbers, theſe only are new, that have an Aeriſm befor 
. r bien, Kee Gs 
2 1 4 ion, beſides thoſe men- 
—＋ — _ in it's Errata, that were corrected in the I of 
74224 * ts ſo that there are conſiderably fewer Errors printed in 
74726 : — this than in the former Edition. 
74% 35% [NOBLEMEN S and GEN TL EMENs 
_ 6823 1 TES Surveyed and Plotted 
= | 18 TER a NEW METHOD of his own Inven- 
79327 421 [ff tion, which far excels in Exactneſs all other hi- 
9548 * therto uſed, and Books of Particulars d h 
— 325 By WILLIAM GARDIN rawn therefrom. 
$1518 — Who may be heard of ; ER, Land- Surveyor 
87027 674 in Templ 5 Richard's Coffee-lcuſe with- 
$7432 6704 | | juſt emple-bar, at Mr John Gardiner's a Peruke-maker 
92088 ze [| without Temple-bar ; at Mr. Upton's in Sherrav 7. 
94047 3449 ſtreet, near Golden ſquare, or at Mr Fowke's an Engi 
97263 9477 maker, in King- reet W-: , D - ngme- 
100072 i ftminſter ; at all which Places 
| 109279 — NB H — pecimen of his fair MAPS, 
Hie takes Levels and calculates Reverſions, &c. 


The Publiſhers will give a Book in Sheets to any Perſon that ſhall ſind 


Two meterial Faults in the ſaid Tables, 


(1) 


O F 


LOGARITH MS, 


THEIR 


Invention and Uſe 


The XII: h Chapter of that Excellent Treatiſe of Algebra: 
Written by the late Reverend und Learned Ur. John Wallis, 
Savilian Profeſſor of Geometry in the Univerſity of Oxford; 
and a Member of the Royal Society in London. 


of any before him, that I know of) by John eper Baron 
of Merchiſton in Scotland; and by him firſt Publiſhed at 
Edenburgh, in the Year 1614 : and ſoon after by himſelf 
(with the Aſſiſtance of Henry Briggs, Profeſſor ot Geometry, firſt 
at London in Greſham-Colledge, and afterwards at Oxford ) reduced 
to a better Form, and perfected. 
The vention was greedily embraced (and deſervedly ) by 
Learned Men. 
Mr. Briggs upon the firſt Publication of it, was ſo picaſed with 
it, that he preſently repaired into Scotland, to conſult the Au- 
thor, adviſe with him, and be aſſiſtant to him, in the perfecting 
of it, and in Calculating Tables for it; which was a Work of 
great Labour, as well as ſubtile Invention. 
And it was imbraced and promoted abroad by Benjamin Ur- 
ſtitius, John Kepler, Adrian Vlacg, Petrus Cragerus, and others. 
And at home by Herry Gellebrand, who perfected the Trigono- 
metria Britanica, which Mr, Briggs began, but dicd before it was 
perfected. 
So that, in a ſhort time, it became generally known, and gree- 
dily imbraced in all Parts, as of unſpeakable Advantage; eſpeci- 
ally for Eaſe and Expedition in 7 — Calculations. 


> Cre | 
L. arithms was firſt of all Invented (without any Example 
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2 The 12th C hapter of Dy. Wallis's Algebra : 


The Foundation of it is this: | 
If to a Rank of Continual Proportionals in a Geometrièal Pro: 


greſſion from 1 : Suppoſe 
8.2 4 . 16. 3. 64. Oc. 


W accommodate a Rank of Exponents in an Arithmetical 
Progreſſion, from o: Suppoſe 


„ ug 


Tr is manifeſt, that for every Multiplication or Diviſion of 
thoſe Terms one by another, there is an anſwerable Addition 
or Subducting of the Exponents. 4 

For as (in ebe Terms) 4 Multiplied by 8 makes 32, ſo (in 
the Exponents) if to 2 we add 3, it makes 5; and as 32 divided 
by 8, gives 4: So if from 5 we SubduR 3, there remains 2: And 
ſo every where. | 
Terms. t. . 4. 8. 16. 22. 6. 
, „ S. 


4 * 8 32. Ser IF: = 4; 
2 +3= 5. 5—3 s. 


And the ſame holds, if between any two of thoſe Terms, in- 
terpoſe one or more Means Proportional; and between their 
Exponents, as many Arithmetical Means, 

As if between 4 and 8 (or between 2 and 16) we interpoſe 
a Mean Proportional V 32, that is 4 / 2; and between 2 and 3 
(or 1 and 4) an Arithmetical Mean, 27; then as 4 %/ 2 by 8 
makes 32 / 2, (a Mean Proportional between 32 and 64: ) So 
adding their Exponents 27, and 3, makes 5+ an Arithmetical 
Mean between 5 and 6: And ſo every where, | 

And univerſally, (whatever be the, Values of r. e.) ſuppoſing 


The Terms, 1. r. rr. rrr. . rf, . e. 

Exponents, o. e. 2e. ze. 4e& Fe. Ce. Oe. 

Then, as rrxr . r, and rr Vr * rrr. Sr xr; 
| 8d 2e+3e.=5e and 216 + ze = Fe. 
And ſo every where. 


And conſequently whatever Term we interpoſe betweeen any 
of thoſe Continual Proportionals ; if we alſo interpoſe between 
their Exponents, a like Arithmetical Mean, as that is a Propor- 
tional Mean, (as if that be the Firſt or Second of two Means 

Pro- 


a homes 4 VR = V'92 * 


» 


— 4 1 
bt 
4 = 


N s . = 
= 585655402 Pere Vet _ 4499 27/33 =V ? el 
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Proportional, this accordingly the Firſt or Second of two Means 
Arichmetical; if that the Second of Five Means Proportional, 
this the Second of as many Arithmetical Means, Cc.) Then to 
every Addition or Subduction of theſe one with another, will 
anſwer a like Multiplication or Diviſion of thoſe. 

And if for o, e, 2e, 3e, &c. (taking e=x ) we put, o, 1, 2, 3, 
&c; then doth this Exponent always give us the Number of 
Ratiogs or Dimenſions in the Term to which it belongs. 


1. r. rr. 1 1 71 * Of. 
o. ½ 2. 3. 4. J. 6. Or. 


(As; in s in „“, and fo every where) or ſhews, How many 
fold (quam multiplicata ) the Proportion ( tor Inſtance) of r* to 1, 
is of r to 1. That is, how many Ratiogs or Proportions of r to 1, 
are compounded in r* to 1, to wit 6. To which the Name Lo- 
garithmus fitly anſwers; that is, % df, the Number of 
Proportions ſo Compounded. 

No this Foundation being laid, their Deſign in the Loga- 
rithms is this: Having ſelected (as moſt convenient) a Rank 
of Continual Froportionals, in a Decuple Progreſſion 3 to wit, 


1. 10. 100. 1000 10000. 100000. 1000000, Of, 
They fit hereunto (as their Exponents ) in Axjthmetical Progreſſion, 
_— 4. 5. 6. Sr. 


(And conſequently, the Logarithm of any Fractions leſs than 1, 
is to be a Negative Number.) And then, for each of the Num- 
bers interpoſed between 1 and 10, between 10 and 100, and fo 
of the reſt; (as 2, 3, 4, Cc.) 11, 12, 13, Cc.) they ſeek out (be- 
tween o and ut, between 1 and 2, Cc.) an Exponent ( to be ex- 
preſſed in Decimal Parts) which is ſuch a Mean Arithmetical, as 
the other is a Mean Proportional. | N 

And theſe Exponents they call Logarithms, which are Artificial 
Numbers, ſo anſwering to the Natural Numbers, as that the Ad- 
dition and Subduction of theſe, anſwers to the Multiplication and 
Diviſion of the Natural Numbers. l 

By this Means, (the Tables being once made) the Work of 
Multiplication and Diviſion is performed by Additiog and Sub- 
duction; and conlcquently that of Squaring and Cubing, by Du- 
plation and Triplation; and that of Extrating the Square and 
Cubick Root, by Biſection and Triſection; and the like in bygher 


Pawers, 
| b 2 


4 The 12th Chapter of Dr. Wallis's Algebra : 


Of theſe Logarithms we have Printed Tables, for all Numbers 

| as far as One Hundred Theujand. So that, if any two Numbers 
| { not exceeding 100,000 ) be propoled to be Multiplied or Di- 
vided one by the other, the Logarithms of thoſe Numbers (to 
be found in thoſe Printed Tables) being accordingly Added or 
Subducted, will give the Logarithm of that Natural Number (to 
be found by thoie Tables) which is the Product or Quotient of 
fuch Multiplication or Diviſion. And the Double or Treble of 
j ſuch Logarithm, is the Logarithm of its Square or Cube. And 
| the Half, or third Part of it, is the Logarithm of its Quadrartick 


or Cubick Root; and the like of Higher Powers, which in large 


Numbers, is matter of great Expedition. 1 

And ( becauſe a main End of this Deſign, was to facilitate M 
Aſtronomical ,and other Trigonometrical Calculations ) beſide 9 
thoſe Logarithms for Numbers in their Natural Order, we have 
alſo Tables of Artificial or Logarithmical Sines, Tangents, and 
| Secants ; the Addition and Subduction of which, anſwers to the 3 
15 Multiplication and Diviſion of the Natural Sines, Tangents, and bl 
| Secants : Which is a very Compendious Advantage for Expediting 
ſuch Calculations; and is not leſs accurate than the Operation 
by Tables of Natural Sines, Tangents, and Secants. 


Thus in a plain Triangle; ſuppoſing 4 
the Angles given, A 60 Degrees, B 50 
Degrees, (and conſequently, C 70 De- 


9 8 grees) and the Side AB 31323 Paces: 
60 S For ng the Sides AC, or AB, we * 
AD 1523 B have this Proportion a 
As the Sine of C, 70 Degrees, 9396926 
To the Sine of B, 50 Degrecs, 7660444 
So is the Side AB, 31323 paces, 
To the Side AC, | 25535 —Paces. 


3 | "1 
For finding which, we are to Multiply 7660444 by 313235 
and then Divide by 9396926 ; which gives for the Side AC (al- A 
moſt ) 25535 paces. A 
4 
And As the Sine of C, 70 Degrees 9396926 | 
To the Sine of A, 60 Degrees 8660254 


So in the Side AB, 31323 paces. 
To the Side BC. | 288671 paces. 


For finding which we are to Multiply 8660254 by 3 1323; 1 
| and 
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and Divide by 9396926, which gives for the Side BC, 288673 


paces, Proxime. 3 2 
No ( to prevent theſe tedious Multiplications and Diviſions } 
by Logarithms, we proceed thus; 


Log. Sine C, 70 Degrees — 99729858 Ar. Co. o. 0270 142 


Log. Sine B, 50 Degrees 9.88425 40 9.8842 540 
Log. AB, Num. 31323 —+ 44958633 44958633 
Log. AC, Num. 25535 — ＋ 44971315 x4-4071315 


Where Subducting the Firſt Logarithm from the Sum of the 
Second and Third, gives the Fourth; which (the Table tells us) 
= anſwers to the Numbers 25535, fere. So many Paces therefore is 
the Side AC. Again, | 


Log. Sine C, 70 Degrees, — 9.9729858 Ar. Co. 0.027014% 


Log. Sine A, 60 Degrees, ＋ 9.9375306 9.9375306 
Log. AB. Num: 31323 44958633 4-495 8633 
Log. BC. Num. 288677? +—þ 44604081 74. 4604081 


Where SubduRing the , firſt Logarithm, from the Sum of the 
Second and third, gives the Fourth; which (the Table tells us) 
anſwers to the Number 288675 proxime: So many Paces there» 
fore is the Side B C; which Operations are much more Expedi- 
tious, than Multiplying and Dividing ſuch large Numbers, 
: And in like manner, in Spherical Triangles, ſave that there all 
ve I the Logarithms are to be taken out of the Tables of Sines, Tan- 
gents and Secants ; which, in this Example, are taken partly 
from thence, partly from the Table of Numbers ; but the Ex- 
pedition is alike in both. 

This was firſt Publiſhed by the Lord Neper (the firſt Inventor of 
it) in the Year 1614, under the Title of Mirificus Logarithmorum 
Canon, with its Deſcription and Uſe ; but reſerving the Manner 
of Conſtruction, and its Demonſtration, to be after Publiſhed ; This 
being but an Eſſay, ſet fourth, to ſee the Judgment of Learned Men 
& concerning this Deſign, and how it was like to be received. 
By In this we have a Canon or Table of Natural and Logarith- 
mical Sinet, for each Degree and Minute of the Quadrant. 
Aud whereas it was at his Choice to give to what Number he 
pleaſed the Logarithm o, and whether to proceed by way of In- 
creale or Decreaſe, he choſe to make 9 the Logarithm of the 
whole Sine t0000000, that ſo the Multiplication or Diviſion by 
the whole Sine (frequent in Trigonometrical Calculation) might 
be diſpatched without trouble, requiring here but the Addition 
or Subduction of o. 

And 


— 
o 
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And becauſe the Uſe of Leſſer Sines and Numbers, Teſs than 
the Radius or whole Sine, were likely to be of more frequent 
Uſe, than of Tangents, Secants, and other Numbers greater 
than the Radius, he choſe to give to choſe leſſer Numbers Affir- 
mative Logarithms ( increaſing tne Logarithms from o, as the 


Signs decreaſe) which he calls Abunagites : And conſequently 


Negative Logarithms (which he calls Defefives ) to greater Num- 
bers. Deſigning thofe by +, theſe by. 

And by this means, he dire&s how this Table of Sine, (with 
the Difſcrences there inſerted ) may ſerve alſo for a Table of 
Tangents and of Secants ; So that this Canon, is a Compleat Canon 
of Natural Sines, and of Logarithmical Sines, Taugents, and Secants, 
He ſtews alſo how this Table may be applied to the Logarithms 
ef abſolute Numbers but becauſe with ſome trouble, he reſerves 
the fuller account hereof to a farther Treatiſe. | 

In the Year 1619, the Lord Neper being then dead, the ſam? 
was again Publiſhed by his Son Robert Neper ; with ſome Poſt- 
bumous Treatiſes of his Father, concerning the Conſtruction of 
this Logarithmical Canon, and concerning his Deſign ( after Com- 
munication had with Mr. Briggs ) of changing the Form of Lo- 
garithms, making o to be the Logarichm of 1, (of which he 
bad before given notice in the Preface to this Rabdalogia, Pub- 
Fiſhed in the Year 1617;) and concerning ſome things pertaining | 
to Trigonometry ; with ſome Lucubrations of Mr. Briggs's on the 
fame Subject. 55 

But the Lord Neper being dead, the whole Work was devolved 
en Mr. Brizgs, who (according ta their joint Advice) making 
the Logarithm of 1 to be o, and of 10, 100, 1000, Cc. to be 
1, 2, 3, Cc. which he calls Iadicet, or Charafteriſticks, and which 
we may repute as Jateger Numbers, with Fourteen Ciphers an- 
nexed, which we may repute as ſo many places of Decimal Fra- 
tions, below the place of Units, or of the Characteriſtick: And 
between theſe he {&s the Intermediate Logarithms for the In- 
termediate Numbers. | 

And conſequently, the Logarithm of 1 being o, the Logarithm 
of Fractions leſs than x, or of Numbers intermediate between 1 
and o, muſt be Negative Numbers, or Numbers leſs then o, 
( which he calls Defective Logarithms, denoted by —( the Note 
of Negation) prefixed, | 

Now theſe DeieRive Logarichms may be two ways expreſſed ; 
ei.her lo as that the Note of Negation ſhall affect the whole 
Logarithm, or ſo as to affect only rhe Characteriſtick, (leaving 
the reſt of the Logarithm to be underſtood as Afirmartive.) 4 

As for Example, The Fraction 4, or (which is equivalent) 
©.375- This Fraction ſuppoſetli the Numerator 3 to be Divided 


by 
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by the Denominator 8, which in Loga- 

rithms is to be performed by Subtracting Log. 3. 0.4771213 
the Logarithm of 8, from that of 3, and Log. 8. 0.9030900 


the Remainder will be the Logarithm of Log. 5. —0.4259687 
3, which will then be the Negative Num- 


| ber, —0.4 259687. 


Or thus; for as much as the Logarithm of 375, ( ſuppoſing 
it to be an Integer Number) is 2.5 7403 13. And the depreſſing 
this to the Firſt, Second, or Third, or further place of Deci- 
mal Fraction, doth ( with*Altering the Figures) divide the 
Value by 10, 100, 1000, c. which in Logarithms is done by 
Subtracting 1, 2, 3, Cc. from the Characteriſtick, or place of 
Integers, (1, 2, 3, Cc. in that place, 
being the Logarithms of 10, 100, Log. 3750 3.57403 13 
1000, Cc.) Such Alteration of the Log. 375 2.57403 13 
Value (the Figures remaining) is Log. 375 1.5740313 
done by altering the Characteriſtick Log. 375 0.57403 13 
of the Logarichm, without varying Log. 08375 5740313 
the other Figures, in this man- Log. o[o0z75 7.57403 13 
ner. | 

Which two Forms, tho' they ſeem different, and ſome may 
rather chooſe the one, ſome the other; or in ſome Caſes the 
one, and in ſome Caſes the other ; yet they are in Subſtance 
or Value the ſame. For 

—1.0000000 
+0.5740313 
is =—0.425 9687 


And every one is left to his liberty, whether of the two ways 


(or what other equivalent thereunto) he ſhall pleaſe to uſe, 


In this Method Mr. Briggs, hath calculated a Table of Loga- 
rithms, Publiſhed in the Year 1624) for 20 Chiliads of Abſo- 
Inte Numbers, (from x to 20,000; ) and again for 10 more (from 
90,000, to 100,000,) and one Chiliad Supernumerary (to wit, 
the Hundred and Firſt Chiliad ) that is 31 Chiliads in all. 

Before which is prefixed, a large Account of the Nature and 
Couſtruction of this Logarithmical Canon, and the Uſes thereof; 
and Direction how to Supply the intermediate Chiliads, which 
are here wanting, The whole Intituled, Arithmetica Logarithmica. 

The ſame was again Publiſhed in 1628, by Adrian Vlacg 
(or Flack, ) with a Supplement (as Mr. Briggs directed) of the 
C hiliads before omitted; that is, in all, of 100 Chiliads, with 
one Supernumerary, But in ſhorter Number, extended but to 
10 places below that of the Integers, or the Characteriſtick. And 
he ſubjoins alſo a Logarithmical Cannon of Sines, Tangents, and 

Jecants, 
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Secants (for Degrees and Minutes of the Quadrant) of as ma- 
ny places 
Mr. Briggs proceeded to Calculate a Trigonometrical Canon | 
Logarithmical, ſuired to that for Abſolute Numbers, ro the | 
Logarithms, extending (as in that other) to 14 places, beſide the 
Charaferiſtick. And having before Calculated a Table of Na- 
tural Sines, Tangents, and Secaufg (for Degrees and Centeſmes of 
Degrees) in Numbers extending to 15 places, he fitted there- W 
unto a Canon of Legarithmical Sines and Tangente (becauſe thoſe 
of Secauts might be ſpared; ) and a Treatiſe prefixed, concerning 
the Conſtruction thereof, with other things pertinent thereunto ; 
intending a farther Treatiſe concerning the Uſe of it. 3 
But dying before this laſt was fin iſned, or the reſt publiſhed, Ml 
Mr. Henry Gellibrand ſupplied this latter, and Publiſhed the whole, 
with the Title of Trigonometria Britanica, in the Year 1633. 
To which is ſubjomed another Canon of Logarithmical Sines and | 
Taugents, by Adrian Vlacq, for Degrees, Minutes, and Tenth Se- 
conds, extending (as his former did) to 10 places, beſide the 
Characteriſtick; and Mr. Briggs's 20 Chiliads for Logarithms of 
Abſolute Numbers. =! 
So that the whole Doctrine of Logarithms was by this time 
ſuſſiciently perfected, with convenient Canons or Tables fietted 
thereunto, in large Numbers: of which alſo Petrus Crugerus il 
gives an Account in the Preface to his Trigonometria Logarithmica, 
Printed in the Year 1634; with his Logarithmica! Tables, but 
in ſhorrer Numbers. 4 
And the Tables of Logarithms above mentioned, (for 100 Chi- 
liads of Abſolute Numbers, and for Sines and Tangents to De- 
grees and Centeſmes ) were the ſame Year 1633, contracted into 4 
a Leſſer Form, and more Manageable (but in ſhorter Numbers, "A 
the former not extending to above 7 places, beſide the Chara- 
cteriſtick, but the latter to 10) by Nathanial Roe; with Directions 1 
for the Uſe of them (in Trigonometry, Geometry, Aſtronomy, 
Geography, ard Navigation) by Edmund Wingate. W 
In the mean time, Benjamin Urſinus did alſo publiſh Tables of 
Logarithms, in the Year 1618; and again in the Year 1625, in = 
his Trigonometria; and Johannes Keplerus alſo in the Year 1624, 
in his Chilias Logarithmorum (which he applies alſo to his Rudo/- 
phine Tables, publiſhed in 1627 ;) and Claudius Batſchius about the 
{ame time, or ſoon after: And Georgius Ludovicus Frobenius, in 
the Year 1634, (and perhaps ſome others.) But all or moſt of 
them, in ſhort Numbers; and conformable to the Lord Neper's & 
fiiſt Deſigns not to that Form which, upon ſecond Thoughts, I 
he and Mr, Briggs agreed upon as moſt Eligible, and which hath 
ſiace been received in common practiſe, 


Since 
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Since which time, much hath not been added te the Doctrine 
of Logarithms ; nor was it neceſſary, that Work having obtained 
F* ſufficient perfection. | 

ic * But in caſe Logarithms, on any emergent occaſion, be defirable 
ne vyith greater Exactneſs, and in larger Numbers than thoſe Printed 
a- Tables do afford: Mr. Nicolas Mercator, in a ſmall Treatiſe called 
of FF Logarithmotechnia, Printed in the Year 1668, ſhews (with great 
e- ſubtilty ) how it may be effected, in Numbers of whatever length 
ſe 13 deſirable, with much more eaſe than heretofore. 

g Thoſe that would ſee more of the Conſtruction and Uſe of 
 ; Logarithms, may conſult the fore- mentioned Authors, eſpecially 
Briggs Arithmetica Logarithmica, and the Trigonometria Britannica 
d, of Briggs and Gellibraud ; as alſo what Adrian Vlacq and Peter, 
e, Crugerus have writ upon this Subject. 


d Bur one thing yet ſeems to be wanting to the more compleat 
*- Management of the Logarithmical Canon: For 

ie tho” there be a Canon ot Logarithms for Na- Note, That which 
FE FF zural Numbers, beginning from 1 to 100,000 ſollous, nor being in 
=# ſo that the Logarithm may be had by the Dr. Wallis“ Engl 
bare Inſpection of the Canon; yet it is not ien, but continn 
=. in the 12th Chap. of 
IF alike eaſie to find the Number agreeing to a 5 1 ain one. i from 
WT Logarithm given; but the neareſt Logarithms hee done into Eng- 
on both ſides being found, they are to be % gy Mr. Ditton. 
Corrected by the Parts Proportional, that ſo | 
there may be found ſome Intermediate Number that may agr 
to the Logarithm given: To prevent which Inconvenience, 
there ſeems to be neceſſary an Anti-Logarithmick Canon; in 
which, the Logarithms being placed down in order, from 1 to 
100,000, the Natural Numbers, anſwering to them, ſhould be pla- 
ced by them. So that by this Canon we might find the Number 
for any Logarithm, with the ſame Eaſe that we find the Logarithm 
for any Number by the Canon that we have. 

And indeed, ſuch a Canon hath been Conſtructed for many 
Years, but never yet made Publick. I don't know whether Mr. 
Thomas Harriot began that Canon, or no; but Mr. Walter War- 
ner had his Papers, and from them put forth his Algebra, A. D. 
1631, and gave hopes of Publiſhing many things more. 
the ſame Warner did, not long after, finiſh the ſaid Canon ( if 
at leaſt he did not firſt begin it) and made it ready for the 
Preſs ; and all this, I believe, about Fifty Years ago, if not more. 

And this I was told lately. by Dr. John Pell, who was inti- 
mately acquainted with Mr. Warner, and had aſſiſted him in the 
Calculation. I remember alſo, that I ſaw that Work (and did 
but {ce it) among other Papers of Mr. Harrios or Warner, _ 

> that 
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that now almoſt Thirty Years ago: What became of them after, 3 
1 knew not, till I heard lately from Dr. Pell, that they were in 
the Hands of the Celebrated Dr. Richard Bu:bey, Maſter of Wet- 
minſter School for many Years, and now very Old; who alſo 
gave me hopes of its coming forth in a little while, by the 
Care of Dr. Pell, if at leaſt (to which I yielded without much 
difficulty) I would ſucceed Dr. Pell in that Care, if he ſhould | 
happen to die before the Work was finiſhed: But Dr. Pel is 
dead, and that very Old, he dying about the Year 1685, the 7 
Edition of that Work being not ſo much as begun. And] fear, & 
leſt (Dr. Busbey dying alſo) this thing be quite loſt ; eſpecially 
ſince there is none that will be willing to be at the Expence of 
rhe Edition. | 

As to the Uſe of Logarithms, altho* they were invented chiefly 1 
to facilitate Trigonometrical Calculations ; yet they are of Uſe, 
where-ever there is any occaſion for Multiplication or Diviſion. © 
| Thus in the Buſineſs of Azatociſm, or Con- 


o 15.875 pound Intereſt, Ex. Gr. At the Rate of 6 in 

95250 100, for one Year. For then it will be, as 

IT 15 83750 100 t9 tos, or as 1 to 1.06 that is to 117 ä 

1 00965 So is the Principal, to the Principal, in- 

3 creas'd by the Intereſt for one Year. And 
2 1783715 conſequently the Principal is to be Multi- 
1.070229 plied by 1.06, for the firſt Year ; and the 
7318907379 Produdt of this muſt be Multiplied by 1.06, 


_ 11344427 + 


— to the Number of Years, that the Sum ma 

4 * be found that riſes at the end of ſo my 4 
FIRE *. — Fears. Inſtead of which continued Multi- 

5 G5 2 lications, the Matter proceeds thus by © 

112745722 — Logarithms: To the Log. of the Principal, | 


6 225189909+ 
. 


7 


23187013204 — 
114322078 + 


DC 


9 


— — 


2513023382-— 
481403 
26 8204785 — 
115092287 + 


10 28|4297072— 
— 117057824 + 
11 3911254396 + 


12 310943690 


1 8081294— 


— — 


for the ſecond Year; and ſo on, according 


add ſo many times the Log. of 1.06, as is 


the Number cf Years; this gives the Log. 


of the Sum, ariſing after that Term of ee 1 ; 
and the Abſolute Number anſwering to this 1 


Log. is the Sum deſired, 


Ex. Gr. Let the Principal be 157. 175. 6 d. © | 


Engliſh Coin, that is (in Decimal Parts) 
15.875 J. and let the Intereſt be at the Rate 
of 6 in the 100, for one Tear, and to be con- 
tinued in that ſame Proportion for 12 Tears. 
Therefore the Number 15.875, is to be con- 


tinually Multiplied by 1.06 twelve times; 3 


from whence ariſes 31-94362/. that is 3410. 
18 5. 10; d. nearly. 


4 
"3 
# 
| 
Now * 
1 


* 
o 
* 
#S +. 
* 
N 1 
* ww 


wa 
4 


Number of Years, Is —— ꝛ⁊ĩ 
The Log. of 15.875 (the Principal is — — 1.2007137 
both theſe added together, make the Logarithm 7.504333 
To which anſwers the Abſolute Number 3 1.94362, | 
that is 31 J. 18s. 10d. nearly, as before. 
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Now the ſame is more expeditiouſly done by the Logarithms; 


The Nam. 1. os, expreſſing the Rate Intereſt, its Log. is 002 530358 
This Multiplied twelve times, according to the 53 836896 


Contrarywile, if giving the Time and Rate of Intereſt ( as be- 


4 fore) together with the Sum ariſing, viz. 3 1.94362, it be enquired 


from what Principal this muſt ariſe. 

Then the Log. of the Sum ariſing is — 1.504383 
From whence Subſtract twelve times the Log. of? 
1.06, which is — —-—tę— s. 3036696 


f 'Y And there Remains the Log. of the Principal de. p —— 


fired, viz. 15.876, whoſe Log. is —— — — (© 1007187 
But then, if from the fore-mentioned- Log- of the 2 on 
Sum ariſing, viz. 31.94362, which is 11.043833 
We Subſtract rhe Log. of the Principal, which is 12067137 
Then the Remainder, which is—— — —=<0.3030696 
Divided by 12 (the Number of Years) will bring 0.9253058 
Which is the Log. of 1.06 the Rate of Intereſt, 

Alſo, the ſaid Kemainder, which is — o 3036696 
Divided by the Log. of the Intereſt, which is 0.0253058 
Will give 12 in the Quotient, which is the Num- _ 
ber of Years, in which ſuch a Sum wou'd ariſe, from ſuch a 
Principal, according to ſuch a Rate of Intereſt. 

And after the ſaid manner ( mutatis mutandis ) may other Que- 
ſtions, relating to Anatociſm, be ſolv'd ; ſuch as Oughtred has 
ſuccinctly propos'd in the Additions to his C/avis. | 

Likewiſe thus may one proceed in that known Queſtion, about 
the continual doubling of an Unite; which uſes to be propos d 
concerning a Horſe which ſhould be Sold according to the Num- 
ber of Nails in his Shoes. For ſetting the firſt Nail at a very 
inconſiderable Price, and the ſecond at double the Price of the 
firſt, and the third at double the Price of the ſecond ; and ſo 
going on, continually doubling for every Nail; We ſhall come 
at laſt to a vaſtly great Sum. | | 


* 


The firſt Occaſion of which Queſtion, I believe to be what 1 
have cited, Cap. x31. of my Opus Arithmeticum, from Alſephad (an 
Arabick Writer) in his Commentaries upon Tograius Verles : 
Namely, That one Se/ſa an Iadian having firſt found out the Game 
at Cheſſe, and ſhew'd it to his Prince Shehram : The King, who 
Was highly pleas'd with it, bid him ask what he would for the 
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Reward of his Invention; whereupon he ask'd That for the 
ficſt little Square of the Cheſle-board, he might have one Grain 
of Wheat given him; for the ſecond, two; and ſo on doubling! 
continually, according to the Number of Squares in the Cheſle- 
board, which was 64. And when the King, who intended to 

ive a very Noble Reward, was much diſpleas d, that he had ask'd' 
1 trifting a one; Seſſa declar d, That he would be contented 
with this ſmall one. So the Reward he had fix'd upon, was 
order d to be given him: But the King was quickly Aſtoniſh'd, 
when he found that this would riſe to ſo vaſt a Quantity, that 
the whole Earth it ſelf could not furniſh out ſo much Wheat. 
But how great the Number of theſe Grains is, may be found 
by doubling one continually 63 times, ſo that we may get the 
Number that comes in the laſt place; and then one time more 
et, to have the Sum of all, For the double of the laſt Term 
(leſs by one) is the Sum of all. Now this will be more Expedi - 
tiouſly done by Logarithms, and Accurately enough too for this 
purpoſe. For if to the Log. of 1, which; we add the Log. 
of 2 (which is 0.3010300) Multiplied by 64; that is 19.265 9200; —ꝗ Ä˙ 
the abſolute Number agreeing to this, will be greater than 
18446-00000.00000.00000,andlefs than 18447.00000,00000.00000 7 
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A Moſt Compendious and Facile METHOD 
FD 


4 Conſtructing the Logarithms 


Exempliſied and Demontrated 


From the NATURE of NUMBERS, 


Without any Regard to the Hyperbola : 


With a Speedy METHOD for finding the NUMBER 
from the LOGARITHM given. 


Þ iir Edm. Halley, Preſent Savilian Profeſſer of Geometry | 


11 Univerſity of Oxford; and Fellow of the Royal 


Society in London. 


of the moſt Uſeful Diſcoveris in the Art of Numbers, 

and accordingly has had an Univerſal Reception and 
Applauſe : And the great Geometricians of this Age have not 
been wanting to Cultivate this Subje& with all the Accuracy and 
2 Subtilty a Matter of that Conſequence doth require; and they 
have demonſtrated ſeveral very Admirable Properties of theſe 
Artificial Numbers, which have render'd their Conſtruction much 
more Facile, than by thoſe operoſe Methods, at firſt uſed by 


T HE Invention of the Logarithms is juſtly eſteemed one 


— 


their truly Noble Inventer, the Lord Nepair; and our worthy 


Country-Man, Mr. Briggs. 

But notwithſtanding all their Endeavours, I find very few of 
thoſe, who make conſtant Uſe of Lagarithmt, to have attained 
an Adequate Notion of them ; to know how to Make or Exa- 
mine them, or to underſtand the Extent of the Uſe of them : 

Contenting themſelves with the Tables of them, as they find 
them, without daring to Queſtion them, or caring to know how 
to Rectifie them, ſhould they be found amils ; being, I ſuppoſe, 
under the Apptehenſion of ſome great Difficulty therein. For 
the ſake of ſuch, the following Tra& is principally _—_ ; 

| ut 
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but not without hopes, however, to produce ſomething that may 
be acceptable ro the moſt knowing in theſe matters 

| Bur firſt, it may be requiſite to premiſe a Definition of Loga- 
| rithms, in order to render the enſuing Diſcourſe more clear ; 
lp the rather, becauſe the old one, Numerorum proportionalium aqui | 
9 differentes comites, ſeems too ſcanty to define them fully. They 7 
| may much more properly be ſaid to be Numeri Rationem Expo- 
| nentes : Wherein we conſider Rozio as a Quantitas ſui generis, be- 
ginning from the Ratio of Equality, or 1 to 1-=0 ; being Aﬀirma- 
tive, when the Ratro is increaſing, as of Unity to a greater 
Number; but Negative, when decreaſing : And theſe Rationes 
we ſuppoſe to be meaſured by the Number of Ratiunculæ, con- 
| tained in each. Now theſe Ratiun:ulz are ſo to be underſtood, 
as in a continued Scale of Proportions, infinite in Number be- 
tween the two Terms of the Ratio; which infinite Number of 
| Mean Proportionals is to that infinite Number of the like and 
[| equal Ratiuncula between any other two Terms, as the Logarithm XR 
| of the one Ratio is to the Logarithm of the other. Thus if there 
be ſuppoſed between 1 and 10 an infinite Scale of Mean Propor- 
| tionals, whoſe Number is looo in infinitum; between 1 and 2 
there ſhall be 30192 Cc. of ſuch Proportionals ; and between x and 
1 3 there will be 47712 Cc. of them; which Numbers therefore are 
| 


— — <4 Wo 


the Logarithms of the Rariones of 1 to 10, 1 to 2, and 1 to 3; and 
not ſo properly to be called the Logarithms of 10, 2 and 3. 1 
But if inſtead of ſuppoſing the Logarithms compoſed of a Num- 
11 ber of equal Ratiunculæ, proportional to each Ratio; we ſhall rake 
if the Ratio of Unity to any Number, to conſiſt always of the ſame i 
infinite Number of Ratiunculæ, their Magnitudes in this caſe, will 
| be as their Number in the former, Wherefore if berween Unity | 
| and any Number propos'd, there be taken any Infinity of Mean 
lf Proporcionals, the Infinitely little Augment or Decrement of the 
| firſt of thoſe Means from Unity, will be a Ratiuncula, that is, the 
1 Momentum or Fluxton of the Ratio of Unity to the ſaid Number: 
I And ſeeing that in theſe continua] Proportionals all the Ratiun- 
| cule are equal, their Sum, or the whole Ratio, will be as the ſaid 
Momentum is dire&ly ; that is, the Logarithm of each Ratio will 
14 be as the Fluxion thereof, Wherefore, if the Root of any In- i 
it finite Power be extracted out of any Number, the Differentiola 
4 of the ſaid Root from Unity, ſhall be as the Logarithm of that 
Number. So that Logarithms, thus produced, may be of as 
many Forms as you pleaſe, to aſſume infinite Indices of the Power 
whoſe Root you ſeck: As if the 1ndex be ſuppoſed roo0000 &c. ft 
infinitely, the Roots ſhall be the Logarithms invented by the Lord 
Neper ; but if the ſaid Iadex were 2302585 Cc. Mr. Briggs's Lo- 
garichms would immediately be produced. And if you pleaſe 
| 0 


for Conſtruct ing the Logaritkms, & contra. 15 


to ſtop at any Number of Figures, and not to continue them on, 


it will ſuffice to aſſume an Index of a Figure or two more than 


2 your intended Logarithm is to have; as Mr. Briggs did, who, to 


** have his Logaruhms true to 14 places, by continual Extraction 
'3 "Tof the Square Root, at laſt came to have the Root of the 

1407374883553 28.⁵ Power; but how operoſe that Extraction 
was, will be calily judged by whoſo ſhall undertake to Examine 


bis Calculus. * = 2,97 

XZ Now, tho the Notion of an Infinite Power may ſeem very 
X ſtrange, and (to thoſe that know the Difficulty of the Ex- 
traction of the Roots of High Powers) perhaps impraRicable ; 
yet by the help of that Admirable Invention of Mr. Newton, 
whereby he determines the Unciæ, or Numbers prefix d to the 
Members compoling Powers ( on which chiefly depends the 
Doctrine of Series the Infinity of the Index contributes to 


render the expreſſion much more eaſie: For if the Infinite 


Power to be Reſolved be put (after Mr. Newten's Method) 
PINT ˙ BAG: 27 E 1—m 
, 7+24) = or 17% 7, inſtead of 1 + mg + L 
1 z zm m 1—5mt+1mm—6n! 
r 24m* q*&c. (which is the Root 
I -S - 7.7 832 1 
when m is finite) becomes 1 Tm 12 571 L 357 +; „ ad 
&c. m m being infinite infinite, and conſequently whatever is di- 


1 
vided thereby vaniſhing · Hence it follows, that — Multiplied 


N 
into 1-2 9% +7 777 — 7 7 &c-is the Augment of the firlt 
of our Mean Proportionals between Unity and 1 + 4, and is 
TX therefore the Logarichm of the Ratio of 1 to 1 +9; and where- 
as the Infinite Index m may be taken at pleaſure, the ſeveral 
I 


Scales of Logarithms to ſuch Indices, will be as — or Recipro- 


mM 

cally as the Iadices. And it the Index be taken toooo Cc. as in 
the caſe of Neper's Logarithms, they will be ſimply q—5 27 + 
=: 111-4 4 74 —45q* &c. 
= Again, it the Logarithm of a decreaſing Ratio be ſought, the 

I I I I 
Infinite Root of r—9, or 145 is 17 — 27 — 3 — 
* 2 4 1 5 1 6 
4 3 5 97 6 OF &c, whence the Decrement of the firſt 


of our Infinite Number of Proportionals will be — intog T x 


% q* +4 q4*4-:9*+4 &c. which therefore will be as the 
4 of the Ratio e Vany to 1-4. But if be put 10000 
Cc. then the ſaid Logarithm will be q+5 7 E 4 +47 + 59” 
+ + q* &c Hence 


16 Mr Halley's Compendions and Facile Method 


: Hence the Terms of any Ratio being à and 8 9, becomes | 
z or the Difference divided by the Leſſer Term, when *cis A 
an increaling Ratio; or 2 when *ris decreaſing, or as 4 to a ; 


Whence the Logarithm of the ſame Ratio may be doubly expreſt, V 
for putting x for the Difference of the Terms a and 4, it will be © 


either 
x _ SHES. 50 x a WT 1 
n into / CY D 5 &c. or 
2 — x 3 x * * * 
into 2 —2 44 f 34 —-42 T5 A 645 &c. 


But if the Ratio of a to b be ſuppoſed divided into two parts, 
viz, into the Ratio of à to the Arithmetical Mean between the 
Terms, and the Ratio of the ſaid Arithmetical Mean to the 
other Term , then will the Sum of the Logarithms of thoſe 
two Rationes be the Logarithm of the Ratio of a to; and ſub- 
ſtituting E z, inſtead of 1 a + } , the ſaid Arithmetical Mean, 
the Logarithms of thoſe Rationes will be, by the foregoing Rule, 

1 x XX x? x+ x? * : 


n in & HAT T4ztt 52+ 625 &c. and 
1 Xx owes FM ar x? _— 


— — —_— — — & 
„ r 
the Sum t 2 * 2 x3 TT OAT — 

m_ eee * — *% , &c. will be the 
whereof wm in 2 + 3 2,3 -|- 5 z,* 7 2 & 'Y 


— 
28 


Logarithm of the Ratio of a to b, whoſe Differance is x, and * 
Sum z. And this Series converges twice as ſwift as the former, 
and therefore is more proper for the Practice of making of Lo- 
garithms: Which ic performs with that Expedition, that where 


ſtep ——luffices to Seven Places of the Logarichm, and the ſecond 4 


ſtep to Twelve. But if Briggs firſt Twenty Chiliads of Loga- 
richms be ſuppoſed made, as he as very carefully computed 
them, to Fourteen Places, the firſt ſtep alone is capable to give 
the Logarithm of any intermediate Number true to all the places 
ot thoſe Tables. 4 
After the ſame manner may the Difference of the ſaid two 
Logarithms be very fitly applied to find the Logarichms of Prime 
Numbers, having the Logarithms of the two next Numbers above 
and below them: For the Difference of the Ratio of a to # &, 
and of iz to b is the Ratio of à B, to + zz, and the halt of that 
Ratio is that of y a b to; 2, or of the Geometrical Mean to the 
Arithmetical. 


for Conſtructing the Log withms, & contra. 17 


nes 4 Arithmetical. And conſequently the Logarithm thereof will be 
9 the Half Difference ef the Logarithms of thoſe Rationes, viz, 
is 7 . x x? 


* XX x! 

3 - into 1 8 Kc. 

Which is a Theorem of good diſpatch to find the Logarithm of ? 2. 
But the ſame is yer much more advantageoully pertorm'd by a 
Rule derived from the foregoing; and beyond which, in my 
Opinion, nothing better can be hoped. For the Ratio of ab to 
22 z, laa ++ ab +46bb, has the, Difference of is Terms 
aa ab+76b, or the Square of 1 a—! b=* xx, which in the 
=E preſent Cafe of finding the Logarithms of Prime Numbers, is 
always Unity; and calling the Sum of the Terms 4 z 2+ ab , 
the Logarithm of the Ratio of /ab to or; X will be found 


K ͤ Ä 
1 | uin 75 + 175 Toys Foyt &c. 
Which converges very much faſter than any Theorem hitherto 
Publ iſhed for this Purpoſe. 
I 


Here note, that — is all along applied to adapt theſe Rules 
m 


co all ſorts of Logarithms. If m be 10000 &c. it may be neg- 
lected, and yon will have Nepair's Logarithms, as was hinted 
before; but if you deſire Briggs's Logarithms, which are now 
generally received, you muſt divide your Series by 


2.30255. 30929. 9403 3.58101. 79914. 34684. 25420.75011.01488.6:877.,29760.33329 
Or Multiply it by the Reciprocal thereof, viz. 
0.43429.44319.03251.82765.11289.18916.60503,22943.97005.30366.64651.14454 


But to ſave ſo operoſe a Multiplication (which is more than 
all the reſt of the Work) it is expedient to divide this Multi- 
plicator by the Powers of z or y continually, according to the 
direction of the Theorem, eſpecially where is ſmall and Integer, 
reſerving the proper Quotes to be added together, when you 
have produced your Logarithm to as many Figures as you deſire, 
of which Method I will give a Specimen. 

f the Curioſity of any Gentleman, that has leiſure, would 
prompt him to undertake to do the Logarithms of all Prime 
Numbers under 100000 to 25 or 30 Figures, I dare aſſure him 
that the Facility of this Method will invite him thereto ; nor 
can any thing more eaſy be deſired. And to encourage him, I 
here give the Logarithms of the firſt Prime Numbers, under 20, 
to ſixty places, computed by the accurate Pen of Mr Alrabam 
Shayp, (from whoſe Induſtry and Capacity the World may in 
time expect great Performances) as they were communicated to 
me by our common Friend, Mr. * Seidall. Nun 

| um. 


41 
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Num. Logarithm. » 
2 0,30102.99956.63581,19521 er ö 
3 0.47712. 12547. 19662. 43729. 5027 9.03255. 1 1330. 92001. 28864. 19069. 5864 8. 298 | 
7 re 592.636 19.3483 5.72396. 32356. 34063 03635 
11 1-04139.26851.5 225-0497 5.01999-71243.01424.17067,02190.46545.20945.56539 
13 1.11394-23523-26836,76522-05058-$794.3.33 43.08297.29188.38706,32718,01191 
17 1.23044+ 9213-78273,92854.01699,94328.33703- 0007 5:67378,42504.5397 3.80368 
19 1.27875.36005. 32828. 961 53-5 3334-757 56. 92931. 79311. 29337.39449. 75989. 06519 


The next Prime Number is 23, which I will take for an Ex- 
ample ot the foregoing Doctrine; and by the firſt Rules, the 
Logarithm of the Ratio of 22 to 23 will be found to be either | 


LE 13 I I 
22 968 31944 937024 | 25768160 dec. or "A 


3 n 1 . J 
| 53 Hes 36501 11119304 32187775 cc. A 
As likewiſe that of the Ratio of 23 to 24, by a like Proceſs; 1 


1 1 n ES 3 
23 1058 36501 1119364 tarBrgn &C. or 4 


1 1 1 1 1 
24 7155 41472 1327104 79623 720 Ke. 1 
And this is the Reſult of the Doctrine of Mercator, as im: 
proved by the Learned Dr. Wallis. But by the ſecond Theorem, | 


2x  2x* , 2x* 4 


vin. 2 L- r &c. The ſame Logarichms are obtained by 
fewer ſteps: To wit, 4 


45 273375 922640625 1 2615686171875 &C. and 9 
2 2 2 2 * 


47 311 46971 14672503 * 546361843241 ny 4 


Which was invented and demonſtrated in the Hyperbolick Spaces; 
Analogous to the;Logarithms, by the Excellent Mr. James Gregor) 
in his Exercitationes Geometricæ, and ſince further proſecuted by 
the aforeſaid Mr. Speidall, in a late Treatiſe in Eugliſo by him 
publiſhed on this Subject: But the Demonſtration, as I conceire 
was never till now perfected, without the Conſideration of the q 
Hyperbola, which, in a matter purely Arithmetical, as this is, cat» 
not ſo properly be applied. But what follows, I think, I may 
more juſtly claim as my own, viz. That the Logarithm of the 
Ratio of the Geometrical Mean to the Arithmetical, between 23 
and 24, or of / 528 to 23, will be found to be either 


— n 


- * 
1058 7 I 19364 | 888, 153 54 626487282235 &e. or 
1 


* 2 8 42 = 
—_ +. Had nr * 


1 
—— — 


2 1 
705% 1 3542796579 | 639676758485 a85 &. 


ys 
* 

All! 
5 * 
b 


for Conſtructing the Logaritkms, & contra. 19 


All theſe Series being to be multiplied into 0.4342944819 &c. if 

vou deſign to make the Logarithm of Briggs, But with great 
 Adyantage, in reſpe& of the Work, the ſaid 43429448 19 &c. is 
divided by 1057, and the Quotient thereof again divided by three 
times the Square of 1057, and that Quotient again by + of that 
Squate, and that Quotient by + thereof, aud ſo forth, till you 
T have as many Figures of your Logarithm as you deſire, As for 
Example, The Logarithm of the Geometrical Mean between 22 
and 24, is found by the Logarithms of 2, 3 and 11 to be 2 = 22 


1 ; 1957)43429 &c.( _  41087462810146814347315885368 
WH 3 in 1117249)41087 &c.( 1225352154418125329460074 
F + in 1117249)12258 &c.( 6583235184376175 
in 1117249)65832 &e. 4208829765 
= lin 1117249042088 &c.C 2939 
| Summa 1-36172783601759237336777711225117 


Which is the Logarithm of 23 to thirty (two places, and ob- 
x tained by five Diviſions, with very ſmall Diviſors; all which is 
much leſs Work, than fimply multiplying the Series into the ſaid 
h- Miultiplicator 43429 &c. | | 
1, © Before I paſs on to the Converſe of this Problem, or to 
XX ſhew how to find the Number appertaining to a Logarithm 
Yy XX aſſigned, it will be requiſite to advertiſe the Reader, that there 
is a ſmall Miſtake ia the aforeſaid Mr. James Gregory's Vera 
'Y Quadratura Circuli & Hyperbolz, publiſhed at Padua, Anno 1667, 
x wherein he applies his Quadrature of the Hyperbola to the ma- 
king the Logarithms: In page 48, he gives the Computation 
of the Lord Nepairs Logarithm of 10, to five and twenty 
plwkaces, and finds it 2302585092994045624017870, inſtead of 
„23025850 29540456840 17991; erring in the Eighteenth Figure, 
as I was aſſured upon my own Examination of the Number I 
here give you, and by Compariſon thereof with the ſame wrought 
by another hand, agreeing therewith to 57 of the 60 places. 
Being deſiro is to be ſatisfied how this Difference aroſe, I took the 
no ſmall Trouble of Examining Mr. Gregory's Work; and at 
length found, that in the inſcribed Pohgon of 512 Sides, in the 
Eighteenth Figure was a o inſtead of g, which being rectiſied, 
and the ſubſequent Work corrected therefrom, the Reſult did 
agree to a Unite with our Number. And this I propoſe, not ra 
Cavil at an eaſy Miſtake in managing of ſo vaſt Numbers, eſpe- 
cially by a Hand that has fo well deſerved of the Mathematical 
Sciences; but to ſhew the exact Coincidence of two ſo very dif- 
fering Methods to make Logarithms, which might otherwiſe have 
been queſtioned, | "T4 1 * 


d 2 


* 


From 


222X212 K 2 
1.361 3169612669061 2945009 172669805 = — 


20 Mr, Halley's Compendious and Facile Method, 


From the Logarithm given, to find what Ratio it expreſſes, is 
2 Problem that has not been io much conſidered as the former, 
but which is ſolved with the like eaſe, and demonſtrated by a 
like Proceſs, from the ſame general Theorem of Mr. Newton : 
For as the Logarithm of the Ratio of 1 to 1+ q was proved to be 


— 


1+9qm—r,and that of the Ratio of 1 tort—gz,to be 1 180 | | 


the Logarichm, which we will from henceforth call L; being 
given, 8-+L will be equal to 1+9lm in the one caſe; and 1—L, 


will be equal to 1—9 * in the other: Conſequently 1 L|” will 
be equal to 19, and 1—L|" to 1—9; that is, according to 1 


Mr. Newtos's ſaid Rule, 1 EML CIM L. CE Lb mm! L. C= 


m\ L &c. will be=1-+9, and im- Cin L. — Am L. In“! 
L- rem L* &c- will be equal to 1-4, m being any infinite In- 


dex whatſoever, which is a full and general Propoſition from the 3 


Logarithm given ro fiad the Number, be the Species of Loga- A 
rithm what it will. But it Nepair's Logarithm be given, the Mul- 
tiplication by n is ſavd (which Multiplication is indeed no other * 


than reducing the other Species to his) and the Series will be 


more ſimple, viz. 1+ L3LL+;L*+},L*+,f.L5 &c.or 1—L. 1 


+iLL—(L'+:14L*—:io L' &c. This Series, eſpecially in great 


Numbers, converges ſo ſlowly, that it were to be wiſhed it could 
be Contracted. ; 1 

If one Term of the Ratio, whereof L is the Logarithm, be given, 
the other Term will be had eaſily by the ſame Rule: For if L 


were Nepair's Logarithm of the Ratio of a the leſler, to ù̊ the greater 
term, & would be the Product of à into 1+ L+; LLS LLL &c. 


—al-aLÞ+ta LL; à L. &. But if 6 were given, a would 


be -L 6 LL-;4L* &c. Whence, by the help of the 
Chiliade, the Number appertaining to any Logarithm will be ex- 
actly had to the utmoſt extent of the Tables. If you ſeek the 


neareſt next Logarithm, whether greater or leſſer, and call ics 


Number à if lefler, or & if greater than the given L, and the 
Difference thereof from the {aid neareſt Logarithm you call 7; 
it will tollow that the Number anſwering to the Logarithm L 
will be either a into 1+ 14+: 11+ 113+, Iss / &c. or 
elſe b into 1—/-j 5 H—; 1149 = , * I & c · wherein as [ 
is leſs, the Series will converge the ſwifter. And it the firſt 
20000 Logarithms be given to fourteen places, there is rarely 
occaſion for the three firſt ſteps of this Series to find the Number 


to as many places. But as for Vlacq's great Canon of 100000 . 


Legarithms, which is made but to ten places, there is ſcarce ever 
need for more than the firſt ſtep a Ta 1, or ama in one caſe, 
or elſe 6—6b /, orb—mb in the other, to have the Number true 
to às many Figures as thoſe Logarithms conſiſt of, 17 


ne. ß ,,,, ],] Rr, & = 2X i. A *7* wu, 


o 


ol 
_ 
1 


for finding the Number from the Logarithm given. 21 


If future Induſtry ſhall ever produce Logarithmick Tables to 
many more places, than now we have them, the aforeſaid Theorems 


"4 


Vill be of more Uſe to deduce the correſpondant Natural Num- 


_ 


x _ to all the places thereof. In order to make the firſt Chiliad 


ſerve all Uſes, I was deſirous to contract this Series, wherein all 
the Powers of J are preſent, into one, wherein each alternate 


0 
* 


power might be wanting; but found it neither ſo Simple or Uni- 


I inſtead of 1, that is, T. and gn — 


. 

—=< 7 in mm 
F 
Y 


form as the other. Yet the firſt ſtep thereof is, I conceive, moſt 
Commodious for Practice, and withal exact enough for Numbers 
not exceeding Fourteen Places, ſuch as are Mr. Briggs's large Ta- 
ble of Logarithms ; and therefore I recommend it to common Uſe. 


al bI 
It is thus: a+7=77 or -A; will be the Number anſwering 


to the Logarithm given, diflering from the truth but by one half 


of the third Step of the former Series. But that which renders it 


yet more Eligible, is, that with equal facility it ſerves for Brigg's, ot 
any other ſort of Logarithms, with the only variation of writing 
bI * 4217112 


+3, 
. —3 1 . . . 
and nyt which are eaſily reſolved into Analogies, viz. 
N 2 | | 
| As 43429, &c.—+ J to 43429+3 1: : So is adto the Num- 
Or, As 43429, &c-+3 / to 43429—:z I:: So is 65ber ſought. 


If more ſteps of this Series be deſired, it will be found as follows, 
2 


I 7 


4 2413 


; } ö 
> Tay 7 — — &c. as may eaſily be demonſtrated, by 


x 
working out the Diviſions in each ſtep, and collecting the Quotes, 
| whoſe Sum will be found to agree with our former Series. 


Thus, I hope, I have clear d up the Doctrine of Logarithme, 
and ſhewn their Conſtruction and Uſe independent from the Hy- 
perbola, whoſe Affections have hitherto been made Uſe of for this 
purpoſe, tho' this be a matter purely Arithmetical. nor properly 
demonſtrable from the Principles of Geometry. Nor have I been 
obliged to have recourſe ro the Method of Indiviſibles, or the 
Arichmetick of Infinites; the whole being no other than an eaſie 
—.— to Mr · Newton's General Theorem for forming Roots and 
Owets. 


— 


22 An Eaſſe aud Compendious Method of making Logarithms. 


Of making Natural Logarithms. 


0 O the making of Logarithms, the Firſt thing requiſite 7 
i | is to find the Natural Logarithms of Two or Three o 
1 the leaſt and firſt Prime Numbers, viz. of 2, 3 and 5, 


be or rather 10, by the Reciprocal of which Briggs's (that are the 
moſt uſeful Logarithms) are compos d. 

| The Logarithm of 1, is always o. That of 2, the next Prime, 
; then is firſt requird; but to attempt to raiſe that directly and 
| immediately, would be ſo very laborious andy tedious a Task 
Wk (much more the greater Primes) that tis more expedient ro 
C uſe ſuch Fractionate Numbers as lie between 1nd 2, by the 
Multiplication whereof 2, 3 and 5 may be produc'd; of which, 
1 in the deſign'd Method, thoſe are moſt convenient, whoſe Nu- 


4 merators exceed the Denominators only by an Unite, ſince here- 
if by Multiplication is wholly avoided, 1 
li The Rule for making the Natural Logarithms of ſuch impro- 7 
? r Fractions, may be this: 2 


| 4ke Th: Io the Double of the Denominator, add an Unite f; this ſhall 3 

Sam of be the Diviſor : The Exceſs of the Numerator above the Deno- 

ble Nu. minator, in this Cale always 1,000 Cc. is the Dividend: The 

7, ug Powers of this ſimple Fraction, compos d of this Diviſor and i 

Penom; Dividend, muſt be rais'd by a continual Diviſion, till the Series 

nate. run out at ſuch a Number of Figures as are requir'd ; but (be- 

cauſe none but the odd Powers are of Uſe) after the firſt Di- 

viſion, let that Quotient, and all the reſt ſucceſſively, be divided * 

by the Square of the firſt Diviſor. The Powers being thus rais'd, 4 3 

divide each reſpe&ively by its proper Index, i. e. the i by x, 

the 2d by 3, the 34 by 5, Cc. The Sum of all theſe Quotients 

will be the Natural Logarithm of the Fraction propos d, 7 

Becauſe the Logarithms of three Prime Numbers, 2, 3 and 5, * 

are ſought, which are mutually ſubſervient to the compoſing each 

other, no fewer than Three Series can ſuffice : Therefore Three 

improper Fractions mult be choſen, in each of which two at leaſt 7 

of theſe Prime Numbers are ingredient ; of which, ſuch as come 

neareſt 2, as +, 5, 1, require the greateſt labour in raiſing their 

ſeveral Series; but from thoſe, once compleated, the Logartihms 3 

of the deſired Primes are moſt eaſily deduced : For thoſe Fra- 

ctions, that approach nearer 1,000 Cc. (i. e. whoſe Denomina- 

tors are greater) the Series are rais'd with leſs labour, tho" the 

deducing the Logarithms of the Primes therefrom be a little 

more intricate, and infer many more Additions of Logarithme;; 

but that being a Trouble ſcarce at all conſiderable, comparative- 7 

ly with that of making the Stries, theſe muſt be ſuppos d more 
legible , I. The 


deduced from Mr. Halley*s preceding Diſcourſe. 23 


1. The Series for making the Logarithm of; twice 2+ 1=)5 the 
firſt Diviſor, the Square of 5=25 the Diviſor for the reſt, 


£50 2 
8 * 


L. ꝛ0000. Coo. &c. 

25 20 KC 800.00000s | 
25) K&c(3 2.00000. 
25); 200&{1.28000. 
= 25)1280&c.( 5120,06000, 


The Odd Powers divided by 1, 3,5, &c. 
«+20000.090000,192000,.00000-005000 
3) 266.56666.66666,66666.66666} 
5) 6.40000. &e. ; 
7) -18285.71428.57142.357143 
9) 3688.88888.88888.888889 


= 25)5120&c,( 204. SooO0. 11) 18,61818.13181.813182 
25) 204 80&c. (8. 19 200. | 13) «63015.33461:5 3846L 
250819 20K. C. 32768. ooo. 15 22184.53333.333333 
25032768 c (1310.7 2000. 17 77-10117.647059 
25)131072&c.( 52.42380.000000 19) 2:75941-25 2632 
25)524288&c.( * 21) 9986.438095 

25) 209175 Kc. 8388. 0800 23) 364.7220897 
258388608 & 0 (335.5443 20 25 13.421773 

1 259335544320 (13421773 27 497193 
8 259013421773 (2336871 29) 16513 
1 25) 5268710 21475 31) 693 
8 25) 21475( 59 33) 26 
25) 859 ( 34 OSD . 


The Sam & the Nan 570275. 19098-9006 
. The Sum is the Natural Log. of g. 20273. 2 5 540. 54082. 19098. 900047 


i. The Series for making the Logarithm of ?; twice 3 C1 ==. ihe 


frirſt Diviſor, the Square of 749 the Diviſor for the reſt. 


7) 1.00000,000N0.00900.00600,000000 
3 (14235.71423.57142.85714-285714 
IF 490148 291.545 15:95043.73177.842566 
49) 2915 &e( 5.94990. 18 266. 19869.772297 
94 4905949 &e (. 12142.6567 8.90201. 240251 
49012142 & (247.8093 2.22249. 004903 


1 490247809 &. ( 5.057 33.3 1066. 306223 


The Odd Powersdivided by 1, 3,5, æe 
4285.7 1428.57 142.857 14.285714 
3) 97.18 172.98347. 91059. 280855 
5) 1-139998.03653.23972-154459 
7) 1734-66525.55743-034322 
9) 27-53436-91361.009545 
117 +45975:75551-432384 


49)505733 &c.( .10321,08797.271556 13) 793:929844405 504 
49)103210 &. 210.63444.842277 15) 14:042253556152 
49)210634 Kc.“ 4.29866. 221271 17) 25286. 248310 
49429866 &c.( 9772.7 80026 19) 451.725264 
497877 2780v 179036327 21) 8.525329 
491790363270 3-65 3303 23) 158861 
49036538030 74567 25) 2953 
_—_— 1522 9) 56 
ABEL... AE ES 

The Sum 18 the Natural Log. of O. 1438 4. 10362. 25 90.4637 1. 964 949 
Iſt Series = =9.20273-25540-54032.19098.9900657 

Ild Serie = £=0.14384.1c362.25890:46371.960949 


4 = 1ſt ＋ 24 = 2==9.34657.35992,75972-65470, 861606 
5 _ = 1ſt ＋ qth = 3=20.54930.61443-34054-84569.762263 
6=2d-l-5th, or=4 ＋ 4=4=09.69314-71205.59945-30941.722212 


3 ert pag. IIId Series = £=0:11157-17756.57104-87783,314755 


1 = 5+ 


= } = 5=0-80471.389562.17050.1 $730.03 7967 
2 4+7 2 nnn 


24 An Eaſie and Compendious Method of making Logarithms, 


1A III. The Series for the Logarithm of { or *5 ; twice 4--1=9 the 
if firſt Diviſor, the Square of 9281 the Diviſor for all the reſt. 


9) 1.00000.05000. 00000. 00000.000000 | TheOddPowers divided by 1, 3, 5, xc. 
811111.1111111111111111111114»1111.11111.1111111111111111 
81)11&c'137.17421-124382.85322.359296 3) 45.72473.79827.61774-119799 
$1)137r1&c(1.69350-$7308.43028.671104 5) +33$70.17561,68605,734221 
$1)16935&<( 2090.75 158.128 76.897174 7) 298.67879.73 268.128 168 
31) 2090075 Ke. (25.8 1174.79171.319718 Sg) 1.86797. 19909. 92443 
81)258117&c. ( 31865.35545.324935 11) 2898.94 140.4840835 
8103186635, 293-41179.571913 13) 30. 26244 582455 
81) 3934117. 485693.5 74962 15) 3 2379.571664 
it $1)43856935Kc( 5990.216975 17) 352.7186460 
8105996216975 74.027271 19) 3.596 1 
81740273710 913918 21) 43520 
81913918 11283 22) 490 
81112830 129 | 25) 60 


BBB, 


Thoſe Three improper Fractions, whoſe Denominators, I pre- 
ſume, are the greateſt that can be found, which are capable of 
effecting this, are 75, 7%, 33; which ſhall be pirch'd upon as ano· 
ther Inſtance. 77 


# 


: 


I. The Series for 125, 15. Twice 15=30, 3o{-1=31 the fil 


Diviſor, the Square of 31 961 is Diviſor for the reſt. 9 


31)1.00000.09000.00000,00000.000090| The Odd Powers divided by i, 3, 5, xt. 1 

(2225.806456. 16 129.03 225. 806452 03225. 80645. 161 29.03225. 80645 
961)03 & 3.3567 1.84720. 2171.535699 3) 1.11890. 31573.4058 3.84233 
961) 3256, 349.2943 2.59127.733128 5) 69.85886.5 182545 46626 


g961)3492g&( .436346.96419.457756 7) 5192.42345.641 00 
961/3634 3782202. 309561 9) 4.20244. 7010 
961) 77 220 α 2935.694391 11) 357-79939 7 
961)39356g&( 4.095416 13) 3150327 
961)40954168&c( _ 4262 15) 284 


_The Sum is the Natural Log. of f= ,03226.92605.68785.53583.646195 ©} 
II. The Series for 124, or 24. Twice 24=48, 48+-1=49 the firk 
Diviſor, and the Square of 49 =2401 is Diviſor for the reſt. 
49) 1-20000,00000.90000,.00000.009000 | The Odd Pomeradivided by 1,3, 5 &: 4 


| ( .02040.81632.653906.12244.3g7959 . 2040.8 1632-65306.12244.3897959 7 
i 2451)0204&c(.$499$.59752431408,681756] 3) 2833 2.85584. 10469.56 950% 
2401)349982( 35.40133-17464.143556] 5) 7.08926.63492.$2871198 
5 2401)35401&c,( 1474444113.395936] 7) 210-63444.84 22718 
| 2401)14744&2.( 61409. 460182 9) 68 23.27 3354 
| 2401)514098:2.( 25.576618 11) 2.325100 

22401) 255766180 10652 13) g 


The Sum is the Natural Log. cf 2+ =_-02041.09972-60127-5647 7.7 28543 4 


1 

* 
III 
. 
| 

e $ 
= 
q 
= ; 4 


| foregoing Operation. 


deduced from My, Halley's preceding Diſcourſe. 25 


III. The Series for 175, or 55- Twice 80, or 160--1==161 is the 
firſt Diviſor, the Squae of 161=25921 is Diviſor for the reſt. 


161) 1.00002.N0000, &c. ( The Odd Powers divid. by 1,3,5,&c. 
*( ,00621.11801,24223-60243.447 205 |.006 21-113801.24223-602484447 205 
25921)0062&e(2295.19618.23323-183845] 3) 798.73206.07774-394615 
25931)23961 &c( 9244.22739.22006c 5 1848.84547.84401 2 
25921) 92442 Kc. 5663.081641 7) 5094-725948 

| 25921)35663 &ec, 1.375837 9) 152871 


25921) 1375837 53 11) 5 
The Sum is the Natural Log: of I- = 0062 1-1 2599.99 278,57005.904650 
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L 
248 =.05889.15178.28191.72726.939705 
=3,0=,11157-17756.57 104 87788.314754 
232 = 14384 10362-25890.46371.960950 


lj 
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; 2 =.3465735903-79972 65470 861605 | 
3 in Sth =9 8 = 1.03972-07798. 39917 96412.5848 17 
5th th =10 = N. Log. 10 1. 15 129. 25464 97022. 84200. 89957 


If greater Exactneſs be deſired, more Series muſt be admitted: 
No fewer than Four will be ſufficient, if the leaſt Numbers be 


25 6 8 
(ict) 245 then the (2d) may be>, the (39) — (4b) 5 then the 


3 26 40 16 81,16 ,25 9 . 
rt) —Ho=(a)t- 2 = FY, &c. as in the 


b 


6 


f 6 2 225, 
Other Four Series may be, (1) 2 (2) 7, (3) =» (4) 245 


ane. nag. - os 49 , 64 , 225_ 25 64 , 126 4 25__16 
G) in 4 gt 63 . (7) 3 mig ns 


8 
(8) Lal, der. as above. 
Five Series will be required, if the leaſt Numbers (be 100) 


121 


; z, (24) 5 (34) = (ach) , (Sch) — ; then (tb) += 


120? 125 
100 , 121 25 64 , 126 , 25 16 81 
1 7 
TLETT Kc. 


Six Series will be neceſſary, when the leaſt Numbers are : 
2 121 126 225 125 961 126 225 
92 995 a k 1 2 (40723 (5) 124 (6) 360? (7) 55 Tons 
== (&) =. 22.100 0,905. 5 29+ , 595 155 , 060- g00h 09, 
80? (8) 80 N 2 24 (9) T 277 0055 
2 3125 16 


28, &c. as before; 


24 3% 15? 


0 As 


As the Diviſors 


riet. 


26 An Eaſis and Compendiogs 


Note, That all the ſoregoin 
ons, are ſuppos d to be performed 


* 


Method of making Logarithms, 


are augmented, ſo likewiſe muſt the Number of 


9 Operations, repreſented by Fracti- 
by Logarithms. 

But this Work having been already 
accompliſhed by the Induſtry of Mr. 
Aer. Sharp, need not be further in- 
ſiſted on; he has communicated the 
Hyperbolick Logarithm of 10, which 
is the double of this, by him com pu- 
ted and confirmed by a triple Proof 
to 82 Figures; and its Reciprocal, 
E being 


TheReciprocal of the natural Log. of 10 viz 
0,86858,89638,06503,6 $530,225784 
Multiply'd by the Natural Log. of 4, viz. 
7157.7 1756-57104.87788.214755 | 


«08685. 88963.80650.365 53.022578 
0868.58896. 38065 03657302258 
086.8 5889 53806 50365. 550226 
43-42944.81903.25182,7651 13 
6.08012.27466.45525.5871 16 
08685 8898 3.806 50 365530 
6080.12274.66455.255571 
608.01227 4645.525587 
4342944. 8 5903.251828 
5.21153.37828. 3902189 
43429.448 19.032518 

6080. 12274. 664532 

086.8 5889.638065 
3.47435.585 523 
69487.117104 

6680. 122747 

608.01 2275 

69.487117 

6 948712 

260577 

08686 

3474 

608 

43 


The Produtt is Briggs's Log of 


| +—— 9M 


09091.00130.08056.41435.8783 31 


deduced from Mr. Halley's preceding Diſcourſe 27 


being half of this here uſed, to 65 Figures; viz. The Natu” 
ral Log. of 10 21. 15129.25464 97022 84200 89957. 27342. 182 10- 
38005. 0744.3 1438 64880 16663. 950 8.37863. 483867624. 0 t, 
and its Reciprocal = 0.86858 89638-06503, &c. whereby Mr. 
Brigg's Logarithms, (which are moſt convenient for Uſe, the Log. 
of 10 being aſſign'd = 100000 &c-) are not only reduc'd from the 
Natural by Multiplication, but immediately rais'd with the great- 
eſt Eaſe and Expedition, For Inſtance, the Natural Log. of £ (in 
Page 24.) is reduc'd to Mr- Briggs's, in the foregoing Page ; and 
for the more Eaſe, in the like Caſes, the Reciptocal of the Na- 
tural Logarithm of 10 is multiply'd by 2, 3, 4, 5, 6, 7, 8, 9. in 
the Margin. | | 

To confirm the former Way, Briggs's Logatithin of + is imme- 
diately raiſed, in which the Reciprocal. of the Natural Log. of 10 
is made the firſt Dividend, all the reſt muſt be as directed for ma- 


king of Natural Logarithms, Page 22. 

The Series for Briggs's Log. of £, twice 4-[-1=9 the rſt Diviſor, 
the Square of 9=81 the Diviſor for all the reſt ; as in the Na- 
tural Log. of 4, Page 24. 


9) 0,86858,89638,06503,655 30, 225784 The Odd Pers divided by1,2,5,&c, 
609650.98848, 67389, 29503, 3584 20,9550, 98848, 67389, 29503, 358420 
81) 96e.) 119, 14800, 60091, 22586, 461215 3) 39, 7 1600, 20030, 40862, 153738 
3 0191. (1, 47096, 30371, 9861,61 249 5) 529419, 26074, 29932, 312250 
81 147.18 16,0374, 95674, 834089 7) 259,42910,70810,6905 84 
$1)18160&e,( 22,4197 349377 3478335 9) 2,49 08,8 19%0848 20 
81)224 9 7&6. (, 27678, 76466, 34275 11) 2516,25133,303887 
$1)2767$7&e.C 3411314, 399293 13) 25,28562z645100 
$1)341713'&c 4,21368,079004 15) 528 124, 5 38600 
9104218580 5205, 24788, 17 306, 367523 
995208247889 64, 299357 19) 3.384177 
810642993570 793819 21) 37801 
817938190 9800 23) 426 

8$1\gd-0o{ I 25) 


The dam is Brieg L=. of © = 0,096g hool $0,09056,41435,97333r 
Co Ar. is Briggs Log. of 8 = 0,90308,99869,91943,58564,12166g 


What is writ, is ſufficient to ſhew, how the Prime Logarichms 
may be made; and it's needleſs to ſay more, the aboveſaid Mr. 
Abr. Sharp having, with inexpreſſible Care and Pains, compoſed the 
{ollowing Table of Logarithms (moſt of em to 61 places) tor 
all Numbers under 100, and all Primes under 200. I durſt not im- 
portune him to compleat the Figures wanting at the end of ſome 
of them: But the Eaſe of this Method may perhaps tempt ſome 
curious Reader to ſupply them, who will then be a Kat how 
much he is indebted ro the Labours of this admirably. Induſtrious 


Author. 
e 2 Mr. Briggi's 


(28) 


IM. BRIC LocarrrtHMS for all Numbers, from 1 to 100. 
Calculated by that Ingenious Gentleman, and IndefatigableMathematiciav, 


& lus wye — 


. | 1 
30102.99956.63981-195 21. 37 388.94724-49392.67681.8-881.46210.8541 3-104275 | * 
77 12.12547+-19662+-43729.50279.0325 5.115 30.92001.28864.19069.5864 298656 3 
205.9991 3. 27962.3 9042 74777. 8 9448.986056. 3536 3.797 62.912421. 708 26. 208549! 
69857.00943-326018.30478.6 2611.05 275.506 97.32318.101 18.5 3789- 14586.8957 25 L, 
27815 1203-8 3643.63250.27667.97979.608 33.5568 3.18745. 8 5 280. 4406 1.402931 6 
o. 54 500. 80400. 1425 6.8 307 1.22162. 58592. 6 36 19. 348 35. 72396. 32396. 54065. 36 350 
90 308.99869.91943.-$8564-13166.84173-47900.03045 096 $38632-56239-312824} 8 
0-95 424-25 994. 20324-8745 9.005 58 510.23051-84002.57725.38139.17296-597313| 9 
1-00000-00000 &c. | 10 


1. 20411. 998 26.5 5924.7 
1.30101. 9996.6 398 1. 1021.37 388.9472442 202. 768 1.89881. 4621.856413 104275 20 
T.32221.92947-33919.26800.72441.61547.75150.26837.01260.51866.12713.335006|21 


[1.41497-33479-70817 96442-02440. 52 es 84917.68131.116184 (26 


T.041 39.2685 1.58225.04075.01999-7124 3-024 24.17067-02190.46645. 30945-965 390 11 
1.07918. 12460. 476 24.8277 1. 25056. 92704. 101 3c · 27365. 08627. 11491. 29474. 50% 12 
1.11 Fridge. 55 1.57942.32843· 08 297 29188. 38706. 827 18.01 1910 0L3 
1-14 12.80356.78238.025 95-595 $1-53317-12933.025 17.6227 7478607-39478. 140624 14 
1.17609. 12700. 7568 1.24208. 1 2890.08530.62228.24319.39983.72858-73235.194382 13 
085-455 55+78897+97210.707 27-5 55 25. 84843 41652. 417098 16 
1.23044-8921 3.7827 .92254-01698.94328.33723 00075-67378.42504-63973.803685 [17 
1.25 527.25051.03306.06981 37947-91234-72364- 51684.47609 843 C0. 02709. 701587 18 
1.27875. 36009 32828. 96 153.63 334.7 756.9293 1.79511 293 .35449. 25589. 068 189 19 


1. 34242-26803. 22206. 23596. 39388. 65967. 51) 2684748. 205 1.92856. 1630 9.069665 22 
. 36172. 78 360. 17592.87886. 77771. 1225 1.18974. 96975. 11034. 33609 61882756 23 
1.38021. 124 17. 116 06.2293. 62445. 874 28.594 38-95046.98508.57702.14887.611480 24 
1-29794.00036.72037-60957.25222-105F1.0139 £4626 20237.07578.29173.791451 12 


1.421 36.3764 1.58987. 31 188.508 37.0965. 3492.7 6003. 8659 2.57208. 75944. 895569 27 
1.4715 $0313 4221922113-96940.48041.62224.70199-52157.24818 2081.2 is 8 
1.46239 79978.98956. 08733. 28467.62969.25499·12742.94417 88715. 384 10. 29 
1.477 12-12547.19662-43729-59279.03255-11530-92001-28864,19069.58648.298656 30 


x 


ſi. 627578316. 1574-07498.15 1 60- 


[1.70757 01760.97936. 


1.491 36.16938.34272-67966-67041.001 18.41572-23037.01558.30418.4555 31 
1,505 14.9978 2. 10905. 97606. 86944 73622.465 13. 38400. 49407. 3 1054. 27066. 521373 32 
1.51851.39398.77887. 47804. 52278. 24498. 13955. 09068. 31054. 657 14.895994. 264047 33 
1.53147. 89170. 42255. 12375. 390087. 8905 2.83005.67757-57259.88715.49386.907959 [34 
1 54406. 8044 3.5027 63549-8477 3-6 3868.14316.67153 $2514.56185.6365149320 

1.55630. 25007 67287. 26 501.753 35-95 959.21667. 19 366. 37491. 30760. 8 12802 
1. 56820. 17240. 66994. 99680. 84506 8957 39. 12944. 98 29 72090. 166 31. 25466. 17679937 


35 
36 


1.57978. 35966. 168 10. 15675. 00723. 2048 1.42234.47193.12218.8 3660. 61402. 172463 381 


1.9706. 46070. 26499. 206 50. 15 330.61 197.44 374. 00298. 58052. 57776. 41366. 310566 [39 
1.60205.99913.27962.39042 74777:39443-98605. 35363-79762 92421-20826. 208449 [40 


[7 61278-38467. 197 35.49459-94118.49968.18079.95395.136 33.83 368. 705 J 


1.62324-92903.97900-46322.09830-56572.24452.94518.91141.97676.98126.439281 
1.63346 B45 55.798586. 5 2540. 3088 1. 53329.22215.88087,74884.380c9.3416 os 
1.6434 5.26764..36187-4 31 17-76777-60592.01029.52430-81953. 39067.01772 173939 
1.65321.25127.75342 67937 63165-11785.73759-16320.67846.91928. 31883.493038 


2 

3 

4 

F 
975- 6 
1.67209.78579-35717-46441.42193.99449-20064.01598.03098.42994 743270.373294 2 
9 


285 13.66 142.4432. 17187. 27238.6967 1. 44752. 64793. o8 ĩ 30.05 269 
,36018.30473.5261 1.05 23550697. 8.10118.53 * 4 50 


3658 3.51977. 9778 3.45233 92076.96 242.61 574. 2262.102241 61 
N 71600.32436-34799-15963-39929-47 391-3 1448.43661.08951.3 1128.53544.220359 2 
1.7242 7+-58696,00789.04563-29922-91027.25659.2695 5. 02401. 29493. 7775 3 
1.7 32.39.37598-22968.50709.88226-04439.8 3895.435 $-76474-03419:61 378.000 24474 
1.54036. 26894.94243-$45 $3-64610-765 18*c3121.49385.12309.00434-45532.861 116 [55 


1.74818.80270.05200-41635-34329-4276 11527. 3788 f. 42040 71029.10 77266 
1.75 687.48 556.7249 1. 39883. 136 13.7901 2.04462. 71512˙58201.58519.34 7.388875 57 
1.76342.7993 5.62937. 8254.75 Se 3-74801.80224.842.99 34926.2382 


1.77085. 201 16. 42144. 1902 06563. 
1.77$15-12503-$3643-63250,87667- 


4535-14423-89267.44474-92076.522 
9.608 33. 59683. 18 $5200, 


AT Rn ů oe. + _ 


gy 


1 


ms ' 
CY 
OE Id, Kc 


| 1 1 2271.641147 583. 27998. 40759 982297757213 3$401.33779.3751 


Mr. Abr. Sharp at Little- Horton near Bradford in Torkſhire. 


2] and forall PRIME NUMBERS, from _— 


611.78 532-98350-107 67.03 388. 7485 -13757-32134-92633.78757-11 340. 42116. 
6 42272 89782 3.87488. 04429 . 94842. 9034. 907 18.9143, 76629. 3196 
611.7934. 07 494 5311 i. 705 30.227 20.65 102. 8668 1. 18 33-101 2470135 71361-633662 
6411.80617.99739.$ 3837. 17123-2433 3-63 346-95816.06091.39238.772655.12478.625648 
6511.$1291.33565.4285 5.57399. 27662.632 12.8340. 08 15. 39306 92495.97304 9076 
66. 81954 39355 41363.67 325-59607.69222.0 3277.78) 50. 20936. 11925. 75007. 36832 
6711.82607 037 2026-43 14-91 316.29226,0685$ 09496. 26080. 5686 1. 3869 
681.8 310.891 27 06236. 31896. 76476. 3377. 32305. 38439. 141. 34926. 34800. 01 223 
6911.83884 90907-37255. 31616-28030. 15509.30qB5 56279, 398;8.5 267 9.205 31.0547 
_7<11.84509.$0400. 14256.83071.22162.53592-63619.34335-7 2396. 31396. 8406 f. o 56350 
71.85 125.834$7-19075-28609-28294-35 035-4291 J-52704-19901.60039-201 
7211.85 7 33-2496 4-31268-4602 3-1272.4.90583,70969.87048.27372-76771.735 35-910137 
7311. 863 32.28601.2045 5.90107.43869.00470- 3085 3.445 28.68255.31165.74851.1 
7411,86923.17197.30976-19202-21395.84263.62247.47511-62571-62842.10879.28 1074 
T1511.875 06.1263 3.91 700-04686-75 5901-13806 12925.56637-49191-26647.37822 090107 
7911.34 nere 75. 09100. 3187 1.458 15.276738 
772.8884 9. 075 1.71481 87146. 24162. 2983566043. 5 1902. 74586. 79041. 8501 l. 0174 
78.89 209 46026.92480.40171*527 19.55921.93676.67980.47934-039$7-26779.4 14841 
791-897 62.7991 2.99441 $2799.40213 86478. 24963 64328.62019.02f15.043156-2 
$4173. 47908.02045-$9644.38631.56239.312324 


52 *90395$.99869-91943.58564-121 | 4 
$1 = Er e ie 116.13020.46123 680. 1564/6. 778.3493. (94620; 
8211.91381.38523 it here 31507. 4479.67 382.62987-03515*29579.562 
1-21907.80923.7697 3 90334-47603. 2027. 26124.70016.37658.08063.045 37, | 
1.92427. 92860.618 81.65 Den 81023.43887.83539. 543055 
1.92941.89247.14292.733J2. 00.32293.774 95.96 


4 209.9960J. 3.738562 690410 
1.93449-84512.43507.7 2161. 4220. 1957 


$270.4795 3.715 18.5 5769-64705. 
[.93951.92426.18618.52462.78746-66224.37030.045 44-2323 2.07784.97058. 
194448. 26721-59168. 62639. 141656.55416.503 32-20112.7 1534-85277.871 85.278241 


1.94939. 00066. 449 12.7872. 35433-69702-4411 2.4665 1.61858. 1002447836. 
1.95414. 25094. 39 324.8745 9.00558. 065 10. 23061. 84001. 77 23. 33139.17296.597 21 


9111.95 904-1 3923.2109Þ 59991. 87214. 16534. 964652. 43133. 01 f. 71 103. 36783. 

9211 .96378.7827 3-455 55-26929 52549.01700-17560 32338. 90797 26031. 3270. 9646 

97ſt. 96848. 2948 5.5 39 11696. 17 320.0 3373.5 3103. 15038. 30422. 49488. 0520 

9411.97 31 2.785 35-99%98 65962.79532.94173-69366.69279-92979.89205.6368 3. 477 66 

-35]1.9777 2.3605 2.88847.76632.25945.$1032.43629.11829. 3945 5.93238 90575-96391, 
951.98 227. 12530. 29 668.41 336.37223. 76877. 58044. 304 10. 827 1. o 3. 7715 
7.98677. 17 34266244 85178.43618.1 658. al. da 8.81 584.6 3886.697747. a 
961.99 122.6056 92494.85663-$1714.11909.76541. 37353. 34674. 1 1003. 93543. 17697 

1.99563. 51943.97 549.915 34-0255 7.777 53-25 486-01069.5 9918.84 784.48242.56 270; 

-00009.0000, &c 

191,00432-137 37-925 42.47427-51851.78222.93791.32192.89355.20645- 24914-05136 

103.0123 357 2247-0517 2-205 17.10711.94582.2 3942.4 3995.23496.97603.05648 

1072.02938.37776.85 209.5 405 J. 464 12. 3946 8705 268.1689 1.6 3401.95 

10 9E. 3741. 64979.4062 3.638 20. 51 33. 7613.875285 65422 0422.832798. 368: ö 


1274. 10380. 37209. 55916. 864 24.659874. 21847. 28625. 8575 5 63239. 792 39.3867 
1310. 11727. 12956. 5 5764. 20 52626. 20903. 1324.9910%. 87856. 7445 3.1529 
13712.13672.05671.56406.76856 29265. 27 114.) 807 3. 36782. 2970 46423.50456.6 | 
1392.14301.48002.54995.08045.643 32-02319.34731.44797-32967.91 785.9 | 
1492.17 318.62684-12274 03325.73635.42628.3 3704. 39345.71326 222.11155-44 
15112. 17897.6947 2.93169.43680.907 20.55 337+ 3008.384460 93421 * 7.7450 | 
$712,195 89-965 24.09233-73676.14811-29897.28370.50551.90992.785 52.9587 | 
163 2.21218.74044-03957-85764.22623.09335.51 101.4131 3-52821.95443-3644 | 


173 2.23%04,61031.28822.01456-05 302. 78768. 47 588.778 16.8 3269.1 3192.46 
179 2.25 285. 0309, 75823. 16957.038 26.9177 3.0886 1.4310. 90.6785 2.8523 
1812.275767. 748.591 84. 51028. 974 36.76 112. 29249. 2247.59 232.72 291.887 69. 
191 2.28103. 33672. 4777.5 376 3. 50415. 98270. 6 1031. 84957. 36154. 178 24. Jo. 
193 2.285 55.73090'0777 3.7605 9.72385.45353 31082 10979.21601.94504. $860 

197 2.29446-62261.61592.92737. 17443-17 «1 5501-75120.64672.90453 36906. 


11 2.05 307.$4434:3$3419.7 2279-52270 28609.44818 q778383623.62209.734 __ | 
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199 3'29385.30764.09705.55010.00317.84419.80234.14948 3377 1.49827. 1243 | 


30 AnEuſy and Compendious Method of making Logarithms. 


The next Work is to ſhew, how Mr. Briggs's Logarithms abore 
200 are immediately compos'd, for which ſeveral Rules may be 


laid down : That which is moit general and eaſy, and comes 
neareſt the former, for the Natural Logarithms, is this: 


I. Let the Number, whoſe Logarithm is ſought, and either of 
the other two Numbers next it, greater or leſs by an Unite 
(the Logarithms of one or both ot which are given) be made 
an improper Fraction; to the Denominacor doubled, add 1.0, 
that ſhall be the firſt Diviſor, and the Square of that muſt di- 
vide the firſt Quotient, and all the reſt: The Dividend muſt 
always be the Reciprocal of the Natural Logarithm of 


muſt be as is directed for making Natural Logarithms ; only the 


Sum-of the Series, or Logarithm of the Fraction, when the given © 
Number is leſs than that ſought, muſt be added to its Logarithm; * 


when greater, ſubtraR from it. Ex. r. 


The Series to make Briggs's Log. of 251, take 250, the next leſs, to 


- 


- 


make the Fraction 75, whoſe Logarithm is firſt ſought 22504 © 
1=501 is the firſt Diviſor, the Square thereof =2 51001 divides 


all the reſt, as in the following Operation, 


501) «$6858.89639.065 23-65 530-2257 844T he Odd Prnersdivided by 1,3, 5, C. 1 
(0173.37 105.6599. 80769. 5 21409 00173. 37105. 06599. 80 769.5214 


251001) 1733 &c. (69. 07 185.65 503. 546478 3) 23.02395. 21834548826 
251001 )6907 185&c. ( 27.51855.83 1256 5) 5.5037 1.166253 
2510010 2751855831266 10.963525 7) 1.566218 
251001) 10963525 44] ___ 9) 8 5 


A 24+ =200173+37128,09000.5 2970.802711 
250=2.39794-00036.7 2037.6095 7.252221 
251 =2.39967.37214.81038.12934.05 4932 


Jn 


— 


IT. The ſecond Method may be this; If two Numbers, next 

that whoſe Log. is ſought (either one greater, and the other leſs ; 
or both greater, or both leſs) have known Logarithms, the Square 
ot the middle Number ſhall be the Numerator of the improper 
Fraction ; the Product of the other two, on each fide, the Deno- 


minator. 


all the reſt, as in the following Series. 


114241) $5853. 89638.06503-555 30.225784] The Odd Powers divided by 7 7 
| 


(.00000.76031.23157-19841,035215 


K * » . 


„ Ibe Sum is Briggs's Log. of 45+: —̃ͤ — . 


o 


4 
7 


* 
#4 


: 


” 
-.* 


a 


_ 


Pw 
1 
0 


2 5 ur 
* — 4. — oe 
» — 2 * PIT IT 
hs 4 
* * 
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For Example,, Take 239, its Square 57121, and the Product af 
238 and 240=57120; whence the Fraftion 15712, and their Sum 
114241, the firſt Diviſor, and its Square 13051006081 Diviſor for 


00009, 7603 1. 28 157.1984 1.086215 s 
1305 100608 1) 7603128 Ke. (. 58 257.0271501 3) 19419.009053 


1 
0 
#74 


Dedured from My. Halley's preceding Diſcourſe. 31 


x If the Log: of the middle Number be ſought, the Log: of the 
es Fraction, added to the Log. of the greateſt and leaſt, will be the 
Log. of the Square of the middle Number; the half of which is 

its Logarithm, as in the following Work. 


bk 24 x 10=240 (1)= 240 2.38021. 1247.1 1606. 02293. 624469 
te 34 x 7=238 (2)=_233_=2-37657-69570-56511495446.612505 
le 240 x 238=57120 (3) 257120 4.7 5578.8 1987.68 117.97740. 236964 
= (4)={3"45=0:22020.75031,23157-39250.095 268 
2 229 * 229 = $7121 ( 5721 g4.75 7%. 58018. 9027 5.37000.332232 
fl * half the Log. of 57121 g Log. of 239 = 2+37839+-79009.48137-68500.166116 
If the Log. of the greateſt or leaſt Number be ſought, ſubtra& 
the Log. of the Fraction from the Log. of the Square of the mid- 


dle Number, the Remainder ſhall be the Log. of the Product of the 
other two; from which ſubtract the Log. of the known Number, 
the Remainder will be the Log. of the other: 

* Suppoſe the Log. of 239, 240 given, and 238 ſought, then 
Z(5)—(4)=G)—0)=23; if the Log. of 239, 238 given, and 240 
o © ſought, then (5)—(4)=(3)—(2)=(1). 

III. The third Method may be: Find ſuch a Product of the 
ts Number, (whoſe Logarithm is ſought) whoſe Factors have known 
= Logarithms, which ſhall be greater or leſs by an Unite than ano- 
„ther Number compoſed of ſuch as have known Logarithms, theſe 
two ſhall make the Fract ion whole Logarithms is to be directly 
bought, according to the preſcriptions in the former, and the 
4  Logarithm defir'd deduc'd thence, as in the firſt Method, For 
5 Inſtance, Take 227, which drawn into 27 and 31, produces 
189999, the Fraction is 333355, the firſt Diviſor 2x189999 + 
1 * 1=379599, the Squate of that 144399240001 divides all the reſt, 
, Þ 379999)$6858.89638.56503-65530-225784| The Odd Powers divided by 1, 3. 
"0 ( 00000-2285 7.664 46.24460-499976|.00000.22857,66446.24460,499976 


. 1 144399240001) 2285766 &c.(15824949077| 3) . 527.6496592 

9 | 122992 —» g0000.22857-66446.24988. 149668 - 
i i TIF 

ce 199009. = $5.27875.36009.52$28.96153-633347 

1 | 189999 = $+27875413151.86382.71165.48 3679 

>» [20 27 x 31=337 = 2.92272.54579-93259-99155.176781x 
= 227 = 2-35602.5$571-93122.72210.3048g8$ 

f | 


Another Inſtance ſhall be to Raiſe the Logarithm of 211: 
No 3 211x21:x211x211 =1982119441 gu 222881 
so x po The va 3964 3 4 which 
at the firſt Diviſion Quotes the Log of the Fraction to 29 places: 
” 2964228881).868588963L06503&c- (0.00000.00002.13106.11037.78080.3573 
60 x 28x53x113x197 =1982119440=9.29712499209. 71664-54944.34 244.8356 


[ 

D | The 4th Power of 21 1=1982119441=9-29712,95211,90770.66032.62325.196g 

1 J of which is the Log, of 211 = eee | 
: his 


32 An Eaſy and Compendious Method for making Logarithms, . 


This laſt Method may ordinarily be render'd as Univerſal ay 
the firſt, and more Exact and Expeditious than the ſecond ; a | 
the difficulty being in finding out proper Numbers. The Method 
I commonly us d, which rarely fails, is here ſubjoin'd ; better 
pnderſtood by the Performance, than expreſs'd. ö 


For 223 x 7 = 1561 Again, 3 * * = 669 
8 1734 — B 
323 x 87 = 19401 223 in 5 = 2899 
= 446__ 7 =2561 | 1 
223x(7x41=)287= 34001 64001 131 * 23 713 13899 
For 229 (1 = 229 in 9 = 2061 $ 
3 =687 6 = 1374 SY 
31 7099 09 = - 15801 
1 = 229 8 =1833 
131 = 29999 869g=19g00t 
9 = 2061 


71x139=9869 2260001 
Here two convenient Fractions are diſcovered, for the making 
223 64001 =7x41Xx223 **. — 159020= 100 x5 3x3 
4000 I 158999=3 1x23X223 
Logarithms of 30000 and 225001 71K 1392229 
229 29999 1311229 2605021 13X10000 


Another Expedient for finding Numbers, accommodate to the Thi I 
Rule or Method for making Briggs's Logarithms. 3 | 


Find ſuch a Product of the Number, whoſe Logarithm is ſought |? 1 
(the greater the better) which hath two Numbers neareſt ir, on 
both or either fide, compos'd of fuch whoſe Logarithms art 
known ; Square the Middle, that ſhall be the Numerator ; the 1 
Prodn& of the two on either fide, is the Denominator of the Y 
Fraction; the Logarithm whereof is to be made according to 
the Rules there laid down, only obſerving in which the ſought! q 
Number is ingredient ; if in the Numerator, the Logarithm ol 
the Fraction muſt be added to the Logarithm of the Denomine- lf 3 
tor: but if in the Denominator, it muſt be ſubtracted from tbe 
| * the Numerator, Mc. Co 


_ Convenient Frafdions found for Raifing the Logarithms of 211, 21. 
227, 229, 233, 239, 241, 251, and 257. & 


Of 211 211 X ITY $387041=121X211X311 4 
2322=54x43, 8029 23201 5387040=80*54*29x43 i 
223 100X29=2900T 8404201 =169x223x233 1 


28981 ;, 223X13=2899 $404200=2900x1 N, J 


Of making Logarithms by Multiplication. 33 


Ot 227 20x193=3860} 14899600=400x193x193 

4 3861 =27x163,17x227=38595 148995 99=27x143x172227 
od Of 229 229x31=7099] 50395801=3 1x3 1x2 291229 
ter 4 7100=71X1009, 14x39x13=7098 50395800=100X71x42XI3x13 
65 Of 233 20XI9X29=I 1020} 1214494007=400XI 9X HE 
3 11021 =I03X107, 233X435 11019 J ,21440399=43x103X107X333 
— x Of 239 700Xx14=9800 | 96040000 =49x49x49090 

9 ? g801=121x81, 239X41=9799 J g96039999=81x121x41x239 
— Xx Of 241 ——— © I6I=41x41x241X241 
992 9882=9x18x61, 520x19=9880 97634160=40x13x19x9x18x61 


Of 251 240x137=32880{ 1081094400 2401240 11371137 
328812511137, 11496183287 j081094399=11x45x61xt31x2 51 
0 257 257x4]=120797} 145902241=47x47x257X257 
77 12080=80x151,18xl1x61=12078J 1,4c202240=80x18x11x61x151 
1 And for a Proof of the Logarithms of 251 and 257, 

$ 43X251=10793 nnn: 
10794 5 , x19 R712 10792 0 16488848=8x19x71x42X257 
Tube like Expedients, I preſume, may be found for any other Primes. 


_— _ ”— 


— 
2 ———— _ 


Another different Method of making Logarithms, communicated by 
Mr. Abr. Sharp, derived from Dr. Wallis's Illuſtration of Merca- 
tor's Quadrature of the Hyperbola, in Philoſ. Tranſactions, N“ 38. 
wherein the greateſt part of the Work, (viz. Raifing all the Power) 
is perform d by Multiplication, being eafier and of quicker diſpatc 
than Diviſion. | 


ET any three Numbers in Arithmetical Progreſſion be pro- 

pos d, the leaſt A, the middle , the greateſt E. 
If the Logarithm of any one of theſe be given, the Logarithms 
of the other two may be thus obtained, by an infinite 8 4 
I. Let the firſt Term of the Series be C= = B =. 


, 2 3 0. 6 7 * 9 
0 II. The Series= 9 N 2 8 2 
e Fx, 3q gs FIR. 
— , Oc 


10 : 
III. The Sum 1 = _ Powers (each being divided by its 

$ -\ 7 
proper Index) viz. 2 FEES &c, is the Hyperbolick 


Logarithm of „ 1 
1. 417 f 2.15 % 


34 Of making Logarithms by Multiplication. 
IV. The Sum of the Even Powers, (each divided by its Inder) 


* C? C5 8 . 
viz. 1 3 70 T &c. X is the Hyperbolick Loga- 


0 
richm of v Eg. 
V. The Sum of all the Powers, oz Z ＋ X is the Hyperbolick 
Logarithm of 5. 
VI. The Difference of the Odd and Even Powers, or Z—X is 
the Hyperbolick Logarithm of 5. 


If B be equal to 1, 10, 100, 1000, 1000. Cc. all the Powers 
will be raiſed by the Multiplication of C continually for the Hyper- 
bolick Logarithms; or ot C into the Number o. 43429448, &c. and 
into the — Products for Briggs's Logarithms; all which Powers 
muſt be divided by their reſpe&tve Indices. 

This Method hath this peculiar Advantage above others, That a 
Series once rais'd for the loweſt Numbers in that Progrefſion, will 
generally ſerve for finding the Logarithms of Eight or more Prime 
Numbers, without any more Labour than Addition or Subtraction; 
therefore is undoubtedly the moſt Expeditious for Compoſing a 
Table, eſpecially for making the Logarithms of the firſt Primes, 
tho poſſibly not for railing a ſingle Logarithm. 

The Loyarithms of the firſt Primes, viz. 2, 3, 5, &c. muſt un- 
avoidably be the Hyperbolick or Natural, ſince in all Methods of 
raiſing Logarithms, theſe offer themſelves firſt; and from hence 
muſt be deduced the Number .43429448, &c. which reduces them 
to Briggs's : Amongſt Variety of Expedients for effecting this, here 
fix upon one that is eaſy, and capable of a competent Exactneſs, by 
Three Series, ſince fewer will not perform it to a tolerable Accura- 
ey, without great Tediouſneſs and Difficulty. 


The Firf Three Numbers are 96=A, 100=B, 104=E ; then 
B—A_ 24. or E—B —J00—104 4 E—A 


B 100 100 B 100 1o0˙ Or EFA © 


200 200 100 
whoſe Powers, Oc. make the Firſt Series. , 

The Second ate 92=A, 16 B, 108=E, and . _ 
08 = C. | 


The Third are 975=A, 1000=B, 1025 E, and 8 


=,025=C, the Firſt Term of the Third Series. 


Of making Logarithms by Multiplication. 
A Hort and eaſy Method of raiſing the Logarithms of the firſt Prime 


35 


Numbers with great Exactneſs. 
The It Series. | The IId Series. 
. 5 : C28 
C ts C*=64 
C54 es 
C 256 | C#*—4096 
Ci 21024 5 — 32763 
C*—1096 63 262144 
C?—=16334 | 7 222097152 
C*=255536 | 1—16777216 
C 262144 52 134217728 
C = i48576 19.—1073 41824 
C* '==4194304 1 1 =$589934592 
C'2—16777216 | T 2268719476736 
C 3571088 1 2197888339 
Cr 26843. 144398046511 
C: 510737 52351843721 
16 125 6 28147498 
CTF 17 22251800 
;C=04 : 182180144 
e =="02133333 I : 9==T44 12 
l 3332333333333 —— 
307 22340571426 5714. 212892 
2098291271111 | 22 —y 
Cr t=39130035) Cid 
110 1622 | * * 2C=11706666E66566666666667 
Cie 1072286536 
Z= 21387881 1291 188gc | £0 =149 120803888889 
© £C3==7008 | £01 1 780963144727 
10 86. ö 02889878 
CS 063 2666666666666) 11017 2223456248 
10528192 | 10172132459 
120 21048576 C 92759 
11201 21398 101) g 1121 == 
Cp 
x : Dee . | 
N . 000800040 34869 1664208 8 C. 024 
e 19945 — 1 295 5 45771 30 K 
220392207 131532 12962692005 | Ter 1673741924 
120 *=5726623061 2 
2674 14146179 
10 5 27921 
CIS io 
Gb 4 C58 
a FEE —0032102839014013667052744 
| . Zr =. 08338 16069 9051058394768 


ZX: 0763610411 3128324984217 


The 


_— 


36 Of making Logarithms by Multiplication. 


The IIId Series. 
Cg 25 
C= 625 
C'=—14625 
C*==390625 
D 9765625 
42244140625 
C g= 6103515625 
C 152587890625 
C5 238146972656 
C. 953674316 
C**—23841858 
C**——=556046 
C5 214901 
n 


z C925 

203 —-0052083333333333333333 
Ciz=1953125 

3C'==3719308035714 
3021238562517 
10 22167442 
| 1 C 5221147 
— — v250052102373306882cg0r £2 


? 2029003 125 

304299765625 
C= 9690 1041666567 
0 190724863281 
1 C % 295367432 
5 75C**'==49670 
1 2 ? 120 1 227 
X=y '553555-900312597696959187 1947077 
Z= 025317807y84289875 4037230 
X- +575$==0246926125903715010143076 


By theſe Three Series, the 
Logarithms of all the Primes 
under 29, except 11, may be 
made, and ſeveral above : 
For the Logarithm of 7 is 
got from (IId) 1008)=12x 
12x7; of 13 from (iſt) 104 
8x13, or from (IIId) 975 
75x13 3 of 17 from (Iſt) 
9996= 6x7 x14X17 ; of 19 
from (IIId) 9975 =3 x7x25x 
19; of 23 from (IId) 922 
4x23 3 of 31 from (IId) 2 
32 * 313 of 41 from (IIId) 
1025==25X41, &c. The Log. 
of 11 is had from a Series of 
01, for 99g=9x11, or from 
,o01 for 1001 = 7x13x11 ; 
the Log. of 29 is got from a 
Series of ,0005 for 10005 
3X5X23x29 ; and 37 is had 
from ,001 for 999=27x37, 
&c. 

Expedients of this Kind 
L have us'd, both for finding 
and proving the Logarithms 
of all Primes under 1100, 


and many above. 


— 


— 

1 = a 2 272 = 
2 =z b ==> = 

3 _ c =x57 = 
655 41 1 
g=1I+2 =i2+b=i3 H 
6==3+ 4 =c+d = 55n;f = 

7 Teber 


12 ==9 11 = Log, 3 = 
13 = 3111 == og 
14 =8 +13 — 


04082. 19945.2025 5. 1295.457711 
07696. 10411. 36128 32498.42170 
02922.0713 1.5328 1.29626. 9 2009 
2531.7 8079, 84289.87540. 37230 
11778. 303 56.56383·.45453.87941 
0645 3.85211.37571. 17167. 29239 
18232.15567. 93954. 62621. 17 180 
»22314,435513-14209,75576.62951 
-40546-51031.08164-38197.80131 


I ſhall 


Of making Logarithms by Multiplication. 37 

T ſhall here offer one of the Three Expedients, whereby vheſe 
firſt Primes, together with many others, were computed to the 
Exactneſs of 82 places; which was by Six Series, (whereof ,008 
was the loweſt) whence the Logarithms of theſe Ten Fractions 
were made; the following Operations being ſuppos d to be per- 
form'd by Logarithms, 


1000125 83 * 125 X 127 


1008—7x9x16 1oo0 
(1) — (20 992. 32x31 (3) LO00000 * 
1000000 10000 10001 oz 112Rẽ19R47 
(4) 999993=52x 127X127 (5) 756=14x42x17 (6) 100000 
10000 100000 10000q 
8 b e — 
(7) 997 5==15x35X19 ( ) 99875==125x17x47 (9) 99977 = 75 x 31x43 


1000008 ==72x17xX19x43 roo8 | 1008 1000 3969 83 x 63 
(10) 1c000c0 (11) 1 992 hogs 3875 = 125 * 31 
Fr ol Rayner Boo oy un en 3969 __ 
ey 1000000 5 999998 2963=1 28x31 13 3975 3968 
12 1028 , 1008 10000  432:=16x27 100016 , 100 
125 (14) Wee. 70098 . 9996 ren 5) —— 7075 . 
1005009 256==16x1 432 256 L 100900 , 100000 
—— — 16 — — —— 1 — — 22 


425 255 80 

3576==12x1 7X19 (18) 1000 3875 15625=125x125 ( 

3875=125z3t , : 37s orders 190% 15594 * 
125 8125162 + { FRE 

256 78125 5X025 (20) 78125 foo f=15 x7 £6250, 


255 77824=64x64x19 77824 9975 D65536=256 x 256 
128 , 128 , 65025 21 (22) 21 1oos 25 tee ) 
125 * 125 65536 20 8 20 1000 24 (23 125 * 24 15 *y 


8 0 1 
95 a &c. as in the former Operations. 


It remains to Exemplify in the making Briggrs Logarithms 

immediately by this Method: Take the ä Numbers in the 
—A 8 

o 


Ild Series, viz. 92=A, 100 B, 108=E, and F 


C, by which multiplying the Reciprocal of the Hyperbolick Lo- 
garithm of 10, viz. 43429448, &c- = N continually, and dividing 
— — 4 Powers by their proper Indices, the following Series 

re made. , 


CxN=4342g9, &c- 


28 Of makins Logarithms by Multiplications 
CxN=4342g&c. = 0347435535 52260146212 Hence tis evident, that 
Cx34743&c—C*xN=2779484684180511697 [afrer the firſt Series for 18 
Cx27794&c—=C'xN ==222358774774454936 hed as ie cad os'd, wk B 
Cx222358 Kc = N —17788701979757195 | 9 h P Uthe * 
Cx177837&c==C'xN =—1423cg6158300575 [how much Eaſe al e o- 
Cx142309&c=C*xN ==113847692664046|thers are thence deriv'd, i 
Cx113847&—C?xXN —==9107815413124 |eyen with little moreLabour 


Cxg107818&c=C*xN ==723625233<50 [11.111 tranſcribing : Have in. 
—C%xN = 82900186 q » 8 . in- or” 


Cx582900&:==C**xN ==4663201492 |* * 
Cx466320149%=C'*xN 7g. e. making C=.008, hence 
are. * ige the Logarithms of 1008 
22387559 — 

* ˖· are obtain d. Putting C= 


Cx191005z=C**zxN 215280 : 
Ertez8c N =1222|.0008 the Logarithms of 
Cx1222—C"7xN — | 10008 = 72X839, and of 


TT", CxN=03474355355226214621» [99g2=8x1249, are got; if 
CN ==74+195915751549738]C be put = .o0008, the 
R Logarithms of 100008 

— ==1 2011 4 
To 5476668228 | 216x463, and of 99992 = Ml 


CN —$476668738 

„CN ==33914193|8X29x431, are made; and 

: jC'3xN ==183658 if C be .oooodd, the Loga- 

400 j. 4 _— rithms of — — 

— . [X 9X43, and of 9$99992=8 
L=y/ *$Þ == 2345 7964979097 2170507 X492551, are found: So 


ET: &c=1299742342090405 548 f 

2c iN hb 4 that the Logarithms of Ten 
Z CN == 189746 1444008 Primes are obtained from 
CN 91076154731 this one Series, viz. 3, 23, 


r N= 46632 
e 3 7, 31, 139, 1249, 463, 431, 


C IN 213643 43, and 2351. Many other | 
+2C**N==76 | Series are as prolifick as 
—X—y:2;*>—co1 391208583747514194 this; none I have met with, 
pig . 5 7 whence fewer than Six, cr 
Z. — 5 5 8 
Br we a 2.033425 5 $40 3497023 13 Fourar leaſt, uſcful Loga- 
Z-i-x: = = 036212172654444730701 [rithms may not be deduced. 
CDT — — So that, tho' the Labour * 
n in raiſing the firſt Series 
7 274119591578155 ; 
2C)xN==2846192 317 may be conſiderable, yet the 
3C/xN==1301 Advantage of gaining ſo 
z C N — . 
Fan — = 3$N=6|many Logarithms thence, 
— 935 00347442997 76539 15211 with ſo great Eaſe, makes 
20K N 22900013397423420924958 | abundant Compenſation- 


3C*xN==444717549469 

£C*xN==18974615 | 

2 pFCixN — g11 
— 1428906 

X een Shall 

—X 7555 = 9002460532105 506486158 

1332 = 003483327845821344264 


— — —— — — 
0 WT ALE * 1 1 by * 
— — , * my * o 4 - » Ta ® * 
a Xo oY Ioae  _ oe RooebR.. 4 


— 4 — 
— ** ** 


wo ö 
ä . 
. 


rr 
Av 7 
en 
_ — 


oo 
== * 


2 "= l 
8 
eds id ; 


Log. $92 2=2.996511672154178655736 
Log. 92 S1 963787827343555265295 


— 
1900)N=4342 &c. = 000280570043 efgngedag 17 


Of making Logarithms by Multiplication. 


2=X=y/ 4*:2$22— ,000000060151598622555 54505 
3= Z＋ X=3$55 50022863621581142186471952 
16 19003» 2787586999528 2896153633347 
584-3218992 23. 2785249647 3701753967 161395 
= 9542425094393 2487459005581 
1782-852211 2. 324238245529769266508155814 
| $8=1-2=Z-X=1224.00022851591261417675 302222 
| 9=4|-8$=1901= 3 .2739821163654431382$935 569 
19000) 4342 Kc. 00002285 704310697 46451322 
as ons 

3508 

600022857 604331893285 503 14 


60151590291309117 


2 2 1900) 228576 Ke. 12030318053261823451 
[| 8 19cO) 120303 &. = 6331746346453591 
4E 8 8 2900) 633474 &c. = 3332498077081 
& an 1900) 3332498 &c.= 1753946356 
. 3 8 1900) 175394 Ke. = 923430 
8 8 190009 23120 & 486 
5 1 0002285 7804768974546 3777 
. 8 3) 6391 &. = 2110582115484530 
» if E. | 517539 &. = 350789271 
= = 7) 486 = * co 
= 8 + 1 1=Z = 35z= ,000428576064 21 279930857087 
s | 2 2)120z3&c. ,00000906015159029 130911740 
2 i 433324 &c. = 833124519270 
2 | 6922120 152875 

(OW) 

© 

9 

Z 


= g= 


he Three Numbers be 1899=9x211= 


1 TSV; 


tain'd, Viz. 211, 1901, 227, 19001, 2111, 


FS ww 


1m = ww i wwvy 5 Gs I 35 CCD Ay mn, oy IJ 


4 - " 
- — 


- whereby the Conven 


iety 


med by Divifion. Let t 


ther Inſtance for Var 
h ali be perfor 


joyn ano 
thoug 


I ſhall ſubj 


illuſtrated, 


B 1900—1899 _ 


1901 2A then 


rn MER 
B 
434294, &c. dividedd continually 
From this Series five or {ix uſeful Logar 


and the ſeveral Powers by their proper Ind 


C, which Fraction muſt be muktply'd into .434294, &c. N, 
1900, 
hms are ob 


1900 
by 
it 


* 


1900 


or 


5, $331 2452 

22 xXx 020000000601 5 1590374621 309 

3<=142=ZtX=34335 000022835 820584770703 201883 

4= 190 = 4 2787538009528 2895153633347 

4-32 18999 4. 278730742749812 5450431464 

— 92 9542425094393 2487459005581 

- ll 3 324488233307656 37991425883 

$=1-2=Z N 0000228570028158995 3958745 

9=4-+8=1g001=4 +27$77645795564480107592092 

190007) 4342 KC— l 

3)= 21rOs% 211 

I Z = $5322 000002235 760431090585 225247 

2) CO.. 000000006015 15990291 3OgE 

4) $228 

2 > (nn 000000000000015 159C 2921422 

2= T —122229 — 00002285 7664462495814966g 
190000 


5 ,2787535009528289615 3633347 
$4 3=189999=5 2787513151863 8271165483678 
6—27X 31==337=2 2 .92272545759325999155 178781 
— — — 62585 719312272010204897 
III" 000002255754415931523-0525 
2 5 0092360998 2328961 53633349 
199007 5 +27875588670724439335940172 
_ $4509$95402142568307 4221626 
27143 = 4 4336370466929 Fo6a047 19546 


40 Of making Logarithms by Multiplication; 


The Way to find convenient Numbers by which Logarithms | 
may be made without any other Diviſion than by the Indices of the | 
Powers. If the Fraction be intended to begin with an Unit and 


Cyphers following, take ſuch a Product of the Number propoſed as 
begins with an Unit (and Cyphers it it may be) ſubtract ſuch Pro- 
ducts from that ſucceſſively as begin with the ſame Figure, or the 
next leſs than that which immediately follows the Unit or Cyphers, 


ſubtracting this Factor always from the former, multiply'd by 10, 
100, c. till a convenient Number be found. If it be deſign d to con- 
fiſt as much as may be of nines, chooſe ſuch a Factus of the propo- 
ſed Number as begins with, or isthe neareſt to nine, bur lefs, add | 


ſuch Products to that ſucceſſively, as will make the following Fi- 
gures as near as poſſible nines, Ct. Ex. gr. 


Rank 1 Rank 2 Rank 3 Rank 4 
for 251 in 451004 251132753 for 257 in 4 1028 257x30771 
ſubt. 1 251 9-=2259 1 = 257 822056 
21x'9433=100149 39=975%g | 3910023 3389766 
q== "255 8==2008 g= 2056 9==2313 
$xX757p=3985=1000235 398 = 988 28x139=3892=1000244 339pey9973 
— — 167x233 5 = 
5 55 Uh =38911 e e fee 

o = 15 —— 1 
6x23 x2387==393406==59999996 g4ax59x1319p=38910;==59999985 

| 1004==4xX25k C ſ.004 588 

1000 , Su 
A | Rank | —_ 20149 22 
E | 100000 12 

2 100000 [ E 1 
& | Rank 2 99398==2x199x251 | The Powers | 99102 [ov 4 
E 1000000 of theſe are, Le 
2 999984—=43x33x251 raiſed by con- } 000016 f. A 5 
= 10023==35X257 tinual Multi- . 0023 = 2 2 

8 10000 plication of | | On 
v 1000244==23x139%257 ; -000244 |S 55 
8 Ka 3 — 2 Qs 
© | 10000127-—=167x233x257 ] 0000127 he g 
* 10000000 | L 2 


Tho this Method ſeems to be more confined, not admitting of 
ſo great Variety as the other, yer at the beginning of the Table, 
where the other is deficient, tis moſt Commodious and Expeditious, 
2nd performs well to 1000 or upwards, and affords excellent Ex- 
pedients for many great Primes ; but where it falls, there the other 
becomes more convenient, and performs with greater Eaſe, Expe- 
dition and Exactneſs than before: So that both together render this 


Art, Viz. Logarithmetechnia moſt compleat. AE- 
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44 of Conſtructing the Natural Sines. 


— 
— 


of the Arcs D 2, D 7, D- D», The Verſed Sine (=v) of 


Tangent of the Complement of that Arc to 90, ſo CI is ti: 


Definitions. 


Chord or Subtenſe is a Right-Line cor- 

necting the Extremities of an Arc; 2 

Figure. 1. FO is the Chord of the Arcs F EO an 

FDO. A Sine (Ss) is half the Chord 

or a Right- Line drawn from one end of aff 

Arc falling perpendicularly on the Diameter that terminates i 

the other end, FR is the Sine of the Arcs FE, FD. Tf 

Radius ( r) is the Semediameter, or Sine of god = 1.000. & 

the greateſt of all Sines. The Co-line (Sc is that part d 

the Radius which is intercepted betwixt the Center and th: 

Sine, or the Sine of the Complement, 7. e. the difference of th 
Arc from a Quadrant or god, as CR=FW is the Co-ſine of th: 

Arc FE, or the Sine of its Complement FB, and alſo of it 

Supplement or Difference from a Semicircle FA; Es is thi 

double of the Co- ſine of the Arc D or the Chord of its Sup 

plement of - E, oE2, E-\, Ee, E, are the double Co-ſin:M 


any Arc leſs than god, is the Exceſs of the Radius above tu 
Co-fine of the Arc, as ER=E CC R is the Verled Sine of tu 
Arc F B. A Verſed ſine of an Arc greater than 90d is th: 
Sum of the Radius and the Co-fine, as D RS D CC R is th - 
Verſed Sine of FD. The Secant of an Arc is a right Right-LinM 
drawn from the Center through one end of the Arc till it me: 
with the Tangent, which is a Right-Line touching the Circ: 
at the Extremity of that Diameter which cuts the other end of 
the Arc, ſo CH is the Secant, and E H the Tangent of the Au 


FE. The Co-ſecant or Co- tangent of an Arc are the Secant t 


Co-ſecant, and BI the Co tangent of the Arc FE. af 


'A Method of computing the Natural Size, Tangent or Secant of an 1 
Arch immediately, from the length of the Arch being given. 1 


H E length of any Arch is readily obtain'd from the Pro- 
portion of the Diameter of the Circle to irs Circum- 
ference exhibited by Ven Ceulen, ſince prolonged and cot- 
firm'd to 74 places by Abraham Sharp, which is as 1,00, Cc. il 
3-141592653589793238462643383279502884197169399375105%-| 
2097494459 22078 16 . This Number the Radius being 
1.0000, &c. is the juſt length of the Semicircle or Arch 1 
| 130 
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180d oo, whence any leſs Arch is eaſily got by Diviſion, 1 882 
part hereof == 00029088820866572315961539484614 > is the 
ſength of the Arch of 1 Minute, which being Multipiy'd by the 
Number of Minutes contain'd in any other Arch ſerves readily 
to give it's length, hence by Mr. Newton's Series publiſhed by 
Mr. Halley in Phi. Tranſ. N* 219. The Sine, Co- ſine, Tangent, 
Cc. of any Arch are had. If the length of the Arch be put=A, 
then is the Natural 


Sine A 1 A 5 AI > A rr | 
—— 7" * 120 5040 ＋ 62880 — 29916800 © 
A 111 4 4 * 


6137020800 1307674366000 355687428096000 121645 10- 


040883 20001” 


* 8 10 
Co. ine -A 1 A ATT A A + 
8 4 x. _ 403 20 . 4790- 


01600 871 N. 91200 ＋ 2092278888000 6402373705 728000 
+ e 57 5 1 2 ys 

| A, 2 17 62 1382 A 
Tangent A ＋-z TÞys Tues +835 Fa35929 T 
21844 A ' 929569 A'* 16404582 A4. Cc. 


608 1075 638512875 A 10854718875 A 
8:74 3 A l 2 9 
Co- =T——A— 2 — 4 — — 
r as 
„ B*- R 


638512875 3 3 7 

1 SA, 61 A 27% A“ 50511 A. 
Secant=1-, Tas Tax T $064 T 628800 * 
540553 9 4192887 A'* 4 3878302429 A'* 4 2404» 
95800320 $7178291200 4184557977600 6402 
$79661671 3 Sc 
373705728000 TER 


12414 7A l 32 Af, 1% A7 73 
* Co: ſecantA +, 7.45 T. 3120 Teog Soo 77423400 
8 4 1414477 4 8191 A's 118518239 
; | 653837184000 137362124800 533531142 1440000 


= - '+,&c. 


Let the Sine and Co- ſine of od 05' be ſought, the length of the 
Arch of oi o5' is =0014544410433 2860798077=A., 1 
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If the Sine and Co-/ine of 29d 55' be required, the num. of minutes 
contained therein is 1795 which drawn into, 00290888, Cc. 
make the length of the Arch = A =,522144334554970265095, 


A= .02145444104332500798077 
At _ 211539874851880971 The Powers of the Arch of 
A? ien 29 55! 
4 118652 
Tr 47385849484 221.4432˙4564.9702. 69095 
As 945622 | z, =; 179-3472-9107.95 77.15 224 


ET a 0 | A =2.1423-5456.7197.2746, 
A= X .00145444104337860793077 A Son oe SA nl 


8 £4227192| Ar —.0388.1082.2854 4107.36 
x OE 00145444104332915035539 A*=-0202.6485,1272.8468.21 3 
HA 512787127141 6 A. orog. 8 117.7282. 7165.44 
The Sine of A. 005 5. 2490. 1771.9 18.38 


70014 444053064202321343 AS. o02f. 8479 ·61 68.748 


— 2 001 5.0627. 990.6363 
T2 00000020000018645466105 1 129007-8649.5552.92159 


—2)A*= J00000105769937425940436 4.1066.41972 
1315 


720)A® 1 EE 2. 144 2.5984. og 
— 00001057599 174 25941801 % = * 
Co- ſine o deg. .99999894230081219524304| A 3052-454 
os! or Sine of 89 deg. 55! 1 A= 1593.82 
The Series ſor the Sine. | The Series for the Co.ſfine: 
The Powers drawn into the Coefficients of the Series, 
A= «5221443345 54$70265095 | 1-þA*21,003097070123933134276 
120)A* 323423523786751280 24 
362880)A* 7949724864276 40320)A* 13702633 3608431 
13 
622762080 A 34434763 479001609)A*'* 857333655 
35568742809 &ec.) A4? 45 2092278988800)A's 1459 
+ 5224677 660285 16315459 — 
J 0237257778662124405 46 23097207 2510 29077094 
50400 47 2099439937046834 | D -13631735395 3926357612 
299168000 AT. 19703371838 720)A 28145626767842507 
130767436800)AT5 — 44705 JOIN 415090379915 
= . 7325852903923 — 
Fhe Sine 20 I — — 
The Sine 29 498739888 702663411636 — 1383 4549909578 5864614 


deg. 55! 
Fus Co-ſine of 29® 55! or the Sine of 60 deg. 05! . 86675 1 08055343213217 
Out of which ſubtract the Sine of o deg, 05'= 0c1454440530542023213 


There remains the Sine of 59 deg. 55* 8652972675248011g0004 
Our of the Sine of 9 deg. 55 999998942300812195243 
Subtract the Sine of 29 deg. 55 = 498739888702663411526 
There remains the Sine of 30 deg. 05! = 501259053598148783707 


Since theſe Series Converge the ſwifteſt near the beginning 
and end of the Quadrant, for raiſing a Table, no more than the 
firſt and laſt thirty Degrees need be calculated, the intermediate 
are obtained from them by Subtraction only as above. . | 
AI᷑4b. 1. 


5 ww oe ww ww w w e e ee eren + aA enen « 


= 


» DD & © - io 


Tab. 1. The Powers of the Arch of © deg. 
01/=,000290858 & a. 


22437. 7467778493925 26104 
12 n 
2 a3 (7984615949940 52388707429 
32 (10) 2461278210281383377746 
4 24 (1407 5985898437591 41740070 
5 as (17)20827185542642824237546 
6 as (21)60583826940479859293603 
7 a? R 
8 a? (28)51263580676 148497209095 
92 (31)1491197115267553744734 
104'*(35)4337716576276702730969 
11a* *(35)125179060457273697238 
124' *(42)367040008675401313839 
134" *(45)1067676106322384037456 
142. (49) 105743902033 10804620 
15a' 5(53)g9034242796551 22726604 
16a'*(56)262795470373993561429 
17a 7(60)764441036225 531513279 
18a" *(63)222 366853658227 396957 
1941 (67)6468 390445292068 86781 
20a *(70)a88t57850961056798222 
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Tab. 2. The Quotients of theſe Powers divided 
by the Co-efficients of the two Series for the 


Sine and Co-ſine, 
a .o0029088820866572159615395 
8 


( 7 ) 42307974970376194353715 
(11) 4102297017135638962g1 
* (15) 2983274576823297572500 
4 (19) 1735598795220235253125 
720) a* (24) 841442040839998045744 
5040 (28) 349665097079965692499 
40320)a (32) 1271418171531460744273 
362880) a? 37) 410933949313148623950 
3628-[-)a"*(41)1195358402956322401614 
39916-+)a"'*(46)31612514985 488229549 
4790+)a' (51) 76626050659413521550 
6227-1-)a' 3(55)17145$57394958180280x 
$717-4)a*'*(60) 35625198168980720354 
13076-|-)a"' * (65)69086333858240978124 
20922-]-)a'*(69)125602499370560678801 
35568-1-)a* *(74)21491932969 1581817614 
64023-1-)a' *(79)347319437$81738804061 


12164 9275 84 531742784843 180879995 
243 29H a (897733885307697 7551335 


Tab. 3. The Logarithms of theſe 

Quotzents, 
I 

'a 3+4536273383827928159479613 
a 96.4637 261172071841520387 
72.92.6264222387 503871088637 
24 88.613027 1012 379088236073 
a*<34.4746932271171355852186 


* 
44780. 23944933998829593247 10 
yy 75-92502420681 183645 20009 | 


Tab. 4. The Legaritbmsof the Coefficient Fra- 


tions of the two Series of the Sine and Co- 


ſine, viz. of the Reciprocals of the Diviſars, 


which are to be added to the Logarithms ef 
the Powers. 


99-698970004 3360138047863 
99.2218787496163563674912 
98.619788758 2883939770638 
ho 97-920813753952 3751722775 
97-1426675035687 315397687 


7101 
71.54365229400476 377332744 44 96. 297569463 5544747090565 
67. 1042884 1422000 43397249 2 95-3944794765625311234153 
62.61377202195878636171735| 1188 94-4402369671232062488252 
58,0774981391950477692023 | 26218 93-4402369671232062488252 
$3-4993315712440068805008 „„ 92.3988442819649812080750 


43.3843764424035662048170 
44-2341592073039135876492 
39.5517572888328597137620 
34,3393921469843626237194 
20,0989982815356219949031 
25,3322754773645322184016 
20.54072903894684103006365 
15,7257016057227654911389 
10.4883977272659684479639 / 


479001 600= 
622 70208300 

$71 78291200 
T3076743 680 
209 22 7 8g 
355687423 Kc. 8644893 14348424016337436 
64933737 
131645 100 KC, $2.914905378786266602403 


2433903 & c. 


91.3 196630359 173563803525 
90. 2057 1968 36 105 1961 11460 
89.0595916479322815852201 
»637.38835003538766003431388 
&c. 86.679 380406220675 5622838 


c. 84-1936589797 390955639398 


$1.613575383122285407 1898 


A little to facilitate the Operation in the preceding Table, you 
bars the Powers of the Arch of ene Minute, and their Quotients, 


being 


—ññ— nes a ge — —— — 7 — 


in a Parentheſis. a?* (6g) 357246040259393 
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being divided by the reſpective Co- efficients of each Member of 
both the Series for the Sine and Co- ſine, and the Logarithms of 


thoſe Quotients and Co-efficients, ſo that the Powers of the 
Number of Minutes contain'd in any Arch being multiplied re- 


ſpectively by thoſe Quotients, produce the ſeveral Members of 


the Series, whereby the Sine and Co- ſine are Compoſed, 


Theſe Tables needs no Explication, each Table and Number 
as far as needful having a proper Title prefix'd, only the ſmall | 
Figures in the two firſt Tables, encloſed in a Parentheſis denote | 
the Number of Cyphers that muſt preceed the firſt Figure of | 


the following Number. 


The Uſe of the firſt Table is principally to compoſe the Se- 4 
cond, though thereby the Tangent, Co-tangent, Secant, and 


Co ſecant of 1 may be eaſily made from their proper Series but 


the Sine and Co-ſine moſt readily from the 2d to 23 Figures: But 
the chiet Deſign and Uſe of the Second Table is expreſs'd above: 

Shall exemplify in making the Sine and Co-line of 444 37” which | 
being ſo very near 454 o' muſt neceflarily be as Troubleſome and 


Laborious as any that need be propos d. 

The Number of Minutes contain'd in 449 37' are 2677, call 
this Number a, the Powers hereof mult be raiſed, which (ſince 
its conſiſts only of Four Figures) is perform'd with much more 
Eaſe and Expedition than the Powers of the Arch can be, which 
muſt conſiſt of ſo many Places as | 


intended 1 ue The Powers of 2677 = a being the 
EO een 


Account muſt be kept of the 
Number of Figures . — power n 

extends to, tho no more need * _ 3 * i 

be expreſſed in any, than Are re- Sins (1 — 

quired in the Sine, fewer will a+= (14) 5135271336241 
ſuffice in moſt; the reaſon is, a7 (18) 137480735367117157 


that after Multiplication with 4, (22) 368035936603772629289 | 
the reſpectire Numbers, viz. ©» (24) 98523220230168432867 
p , * a* (28) 263746550556160894763 if 


thoſe which anſwer the ſame a» (31) 7060498 10308842715 294 | 


Power in the Second Table, the 2 (35) 189009534219677 194884 
Number of Cyphers preceeding 2. (38) 595978523 196075850705 
may be rightly determined; in 4a:* (48) 97068249245 222700 
the adjoining ſmall Table of the a7 (52) 25985 170322946117 


Powers of 2677 the Number of 2 (55) 69562300954526755 


g . 2 5 17 85218279655 268 
Figures In each 18 expteſs d by we 2 — þce 


ſmall Figures before it, enclos d a'? (66) 13 3450145782366 


a'* (42) 135450450635496505234 || 


The 


« +3, . 
— Ot wp. ends ad mo 
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The Powers of 2677 drawn into the reſpective Numbers in Table 2d. 


The Series for the Sine. 
2677xa=A=77870773459513671 29042 
120 © 23361140357595692433 
362880)A? =2901395369620122 
622702080 Al —=62171025743 
35558748 * 7= 400219 


The Series for the Co; ſine 
1-þ24)A*=1001532:985 86378468 16232 
40320)A®= 335332%0691184292 
479001600)A*? 1037903309223 
209227 89888000)A 1 5 $737199 
24329 &c.)A** 28 


＋ ,7510941357829523557559 


6) .o786g95437555323009021i 
5040)A? 344501313664126849 
399168000 A 1 15994241686980 
13076743680 U 179522015 

1216451 &. Al? 709 


| 1.,0153243392905450 046974 
2)A* = «3031928679614810625065 
3096809096025457906 


7200 A⸗ 
3628 800 A1“ 2293413515736 
87178291 200 + 3458075623 

64023727 Kc.) A! 17314 


— 47$7339955103405340174 

The ſine of 7023501432666095521385 
44 deg. 37 min. 

A conſiderable part of the Labour 

tiplying them by the Numbers in the 


ing 
very 
ceding Example. 


= Altho' the Series for the Tan- The 
gent & Secant converge ſo flow. 

ly, that except near the begin. 
ning of the Quadrant (where 
they are of excellent Uſe) twere 
better to make the Sine and C- 
ſene firſt, and from thence de. 


duce them by theſe kno 
Proportions, as the 1 2 
: to the c/f, K : ſo is th 


Sine 
Radius: to the 1 9— 
A, tangent 


the Co efficients of the Two Series 1 
by the Logarithms, for which the Third and Fourth Tables may be 
| Rong ig eſpecially when the Powers aſcend high, as in the pre- 
Note, The Character iſticks of the Logarithms in the Third 
and Fourth Tables conſiſt of Two Figures. 


— 30350257 14648429333269 

Ce-ſine44d 37" 7118217678257020713705 
or the Sine of 45 deg, 23! 

both in raiſing the Powers, and mul- 

Second Table in this Method, or by 


n the former, may be ſaved, in work- 


Tbe Series for the Tangent. _ The Series for we Co-tangent, 
A= 5$2214433455]1795X(4 i.) 3437.7 &. 41. 9112925949022 
14 = 4745155573 2 A 1740481151832 
As 517477638 25 316343704883 
1 7 
A? 5710476 „rA 8212930763 
rn 6208902 TAT 223940260 
TA 697090 rA“ 6167059 
A7 77925 h r rriztyrA“ 170229 
AT 8511 r rA!“ 4702 
G A 316 3 
3 2 R 11 * A 
; = — 17729599069861 
The Tanyf 29deg.55=57541264016|The Co-tang. of 29 deg. $5! =17378832687916L 


or the Tan. of 60 deg. 05! | 
Series for the Co-ſecant of 29 deg, 55! | 


1795X.Ai6) 3437,7 Ke. Af · 9151792594902 


＋ Ag 8702405 575932 
2A = 276800741772 
rA 7957245427 
285 rA“ 222190727 
T3r-774A? 6155014 
rr rA“ 170146 
rrrr.arz rA!“ 4700 
A* 35 


The"Co-ſecant of 29 deg. '55/Z2.50505 31903 775 
or Secant of 60 deg. 05 N 


* And as the 5 
h 


Sine 2 8 
0 fer © : to the Radius :: 


lo 


19 
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50 
io the Radius: to the J © / 2 Yet the Two Series for the Co-r 

5 Secant 2 
and the Co. ſecant are of much quicker Diſpatch, as in the inſtance of the 
Tangent and Co-tangent and Co- ſecunt of 29 deg. 55 min. The Powers of tie 
Arch of 29 deg. 55 or 1795” or , 5221443345549) &c-= A may be ſeen 


before, and need not be repeated. To obtain A multiply the Number of 
Minutes, v. 1795 by the reciprocalof ,0002908 &c. = 343747467 7,06C- 

The Verſed Sine of any Arch under go deg, is the difference of the Radius and 
the Co- fine of the ſaid Arch; the Sum of the Radius and the Sine of any Arch i 5 
the Verſed Sine of an Arch ſo much exceeding 90 deg. ſo that the Series for the 
Sine and Co-ſine may be eaſily apply d to the finding the Verſed Sine of any Arch 
inamediately, which is ſo plain and obvious as needs no liluſtration, 4 


1. The Sine of an Arc FR being given to find itz 
Figure 1 Co. ſine CR CFq—EFRq=CRg, therefore / CFq—EFRq : i 
=CR 1. e. Vrr— : c.. 3 
2. The Sine of an Arc FR being given, to find EY the Sine 
of half the Arc. CR is found by 10 and conſequently ER; then 
a/ 1 : = FE, but : FEE = EV, therefore 4 YS: 
ee. 3 
3. To find the Sines of the double, triple, quadruple, quin- 
ruple, &c. of any Arc whoſe Sine is given ſucceſſively. Let the 
Chords D3, 67, %, 4e, en be all equal, draw the Chords By, 
Do, De, Di, end E?, E,, E', E,, E,, extended, draw the 
Radius C3, and make 5 = DY, 40 3 & = Di and g 
— E3, vu = Ev, % — EJ, « = Es, ns = E, then are the i 
Triangles ECS, Dey, Dy, Di, Dx, E5>, Eyv, Els, Es Wi 
E's, all Iſoſceles and Æquiangular, In the Triangles ES, EY», 
which being largeſt, all their parts are moſt diſtinguiſhable, 
the Angles E, EA are equal, the Angles EDS, Ev? be- 
ing ſubtended by the ſame diagonal E3 do both together make 
two right Angles, ſo alſo do the Angles ED, D, therefore the 
Angles, Eys, O are equal, but #4, = Ey, and D3= #y by 
Conſtruction, therefore the Triangles Eye, D are equal, con- 
ſequent D* = Ey; in the ſame manner may be prov'd Bu — 
E, yT =, Et, % = En likewiſe IC = D3, % = Dy, m = Di. 
Therefore C:: Es:: Ds: Dy ie. Radius: to double the Co- 
fine of an Arc:: ſo is the Chord of the Arc: to the Chord of 
double the Arc, and halving the two laſt Terms, :: 5 Ds 
z Dy fo is the Sine of the Arc: to the Sine of twice the Arc, 
again 2) C3: Es:: Dy: D:: 2 Dy: 1 Di i. e. r © 2c arc:: 
4 2 ar : Arc ＋ 3 arc, (3) CS: Es:: z D/: D3 1. e. T: 20S 
arc :: 53 arc : 5 2 arc ＋ 4 arc, 4) CE: EG:: 1 De: 1 Ds, 
1. 6. 
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I. e. : 2 cc arc: : 54 arc 2 53 arc E 55 arc, &c. again 5) C&: 
E353 :: 1 ESE: EN, i. e. 1: 2c, arc: : ſo is the Co- ſine of the 
arc : : to the Sum of the Radius, and the Co- ſine of double the 
arc, (6) Cs: E3::; EY: 1 Eu, i. e. : 2 e arc :: cx. 3 arc: 
cs arc + cs 3 arc, (7) CB: ES:: 3E: Ex, i. e. 7: 23c5arc:: 
cs 3 arc: cs 2arc Fes 4 are, (8) CS: ES:: E: 2 Ee, i. e. 1: 
2 cc arc :: ts 4 are :cs 3 arcÞ+c 5 arc, (9) CS: E:: E: 
Es, i. e. 1: 2 cf arc :: &.5 arc: cs 4 are +c> 6 arc, &c. Ex. 
Gr : Suppoſe D = en, &c. be o deg. 5 min. its Sine is = 
,001454440530542 then Radius= 1, : 2c, i. e. o deg. 5 min. 
= 1,999997884601624 :: 5 o deg. 5 min. =,00145 44405 30542 7 
s © deg. 10 min. =,00290887798436z3 (2) r: 2 cs odeg. 5 min- 
=1,99 &C. :: o deg- 10 min. =,002908 &c. : s © deg. 5 min. 
Eo deg- 15 min. =,005817749815290 out of which ſubtract s 
o deg. 5 min. =,00145 &c- there reſts 5 15* =,004363 309284748 
&c. again 5®) r: 2 cs 5 min. , 99999788460 1624 co deg 
5 min. = 999998942300812: cod 10 ＋ x, 1,9 9999769 2548, 
(6) r: 2cs deg. 5 min. = 1,9999978 &c. :: cs 10 min 
999995 7609 5486: cs 5 min. + cs 15 min.=1,999989423021547 
out of which ſubtract cs 5 min. = 99999894 &c. reſts cs '15 min. 


 =9999904$0720734- (7) r: 2 cs 5 min. = 1,9999978 &C-: : cs 


15 min. = 999990480720734 ? Cs 10 min. + cs 20 min- 1,999 - 
78846063 230, out of which ſubtract cs 10' = 999995769205 486 
reſts cs 20 min =999983076857744 &c. By this one Rule (at- 
ter the firſt dine is obtained) the whole Work may (if need) be 
accompliſhed, and it has theſe Advantages, the two firſt Terms 
are invariable, the firſt being the Radius = x, Diviſion is whol- 
ly excluded, the ſecond being fix'd, a ſmall Table of its Pro- 
ducts to 10 or 100, turns Multiplication into Addition: From 


the fourth Term the Sine or Co-fine of ſuch an Arc muſt be ſub- 


traced, as is ſo much leſs than the Arc of the third Term, as 
the Arch of which the Sine or Co-fine is ſought exceeds it, Viz: 
ſo much as is the diſtance of the firſt in that Rank from the be- 
ginning of the Table. | | 

4. Having the Sines of the firſt or laſt 304 of the Quadrant gi- 
ven to find the middle 300, viz. all between 309 and Cod. Make 
the Arch DLS od draw the Radius CL and Perpendicular theres 
to, the Chords MG leſs then 60d, and e greater then 1204, 
draw MP, e h Parallel to CB, and SG, a hto CD, then in the Tri- 
angles MQG, a he the Angles QMG, hea are= zol, therefore 
drawing the Semicircles MQG, eh a tis manifeſt the Lines OG, 
h a being the Chords of God are equal to the Radius MX or KG, 
and e 2 or g 4, in the Triangle MQG, (Mog, i. e.) 46K 
| h 2 MDA 


» 


52 Of Conſtructing the Natural Sines, 


= MQ@q, but becauſe GK = £6, ;3GKq MQ, therefore GK x 
/ = M9, and 1G (i. e. PQ) + GK * 3 MQ, that is, if 
to the Sine of an Arc leſs then zod the Sine of its defect multi- 
plied by /; be added, the Sum will be the Sine of an Arc as 
much excceding 3 0d. The Sine of 11d o min = ,190898995 376544 
multiplied by 3 , 7320508075688773 produces 3 304908 745 3* 
3349, which added to the Sine of 19d o min. =,325568154457155 
makes ,656059028990504 the Sine of 41d o min. In the Trian- 
gle e h a, (eaq,=) 4egg—ahbqzehgq, but becauſe eg=a h, 
3 egg=ehqandegX4/3=eb(i.c. ek+kb)g%egy/3—ek—=kh 
fa fn, that is, if the Sine of an Arc greater than Cod be mul. 
tiplied by /3, and out of the Product the Sine of an Arc wanting 
ſo much of 90% be ſubtracted, the remainder is the Sine of an Arc 
ſo much exceeding 30d Ex. Gr. if the Sine of 834=,99254615164« 
1321 be drawn into /3=1>732 &c, and from the Product 1,7191 
40363499731, the Sine of 674=,920504853452439 be taken, there 
remains ,798635510047292 the Sine of 534 o min. 

5. Having all the Sines under 60# to find all the reſt by Addi- 
tion only, or having all above 309 to find the Sines of the firſt 30d, 
or having the Sines of the firſt and laſt 3od to find all the interme- 
diate by Subtraction only, In the Triangle MG, MK=0G (by 
4) therefore ZM + MK =, that is, if to the Sine of any Arc 
ZM leſs then 609 the Sine of the defect KM be added, the Sum is 
the Sine of an Arc ſo much exceeding 609, ex. gr, Sine 414=6560- 
59028990506+Sine 19.00 min. = 325568154457" 55, makes Sine 
79d omin. 98 162718344766 1. In the Triangle ehe, eg ah (by 
4) thereſore egen (i e. per a the Sine of the Arc By, that 
is, from the Sine of an Arc exceeding 604 ſubtract the Sine of the 
Exceſs, and there will remain the Sine of an Arc wanting ſo much 
of 60d ex gr. Sine 67d, 92050485345 2439. Sine 7d =, 1218693434 
5 147 28 534 7986355 10047292. By a continual Biſection 
( by the ſecond) the Sine of an Arc a littel leſs then od x min. may 
be found, and from that by Proportion the Sine of od 1 min. But 
the Sine of 01 2 min. may be obtained from the length of its Arc by 
the Series in the other Method with incomparably leſs labour and 
greater accuracy, from which {by the third) the Sines and Co- 
ſines of all Arcs under 301 being computed, the reſt are had (by 
the 5) by Subtra&ion ; or having the firſt od made (by the third) 
all to 60* may be got (by 4*h) and all the reſt by Addition (by 
5th ;) or the laſt 304 being*obrained (by third) the reſt above 30! 
are made (by fourth) and the firſt 304 by Subtra&ion (by fifth.) 

The Sines being made, the Tangents & Secants are thus obtained. The Tri 
angles CFR, CWF, CEH, CBI are Aquiangular, then CR : RF:: CE: FH, i. e. 
Co-fine : Sine :: Radius: Tangent, and (FR, i. e.) CH: RC, i. e.) VF: CB: Bl, 
j- e Sine: Co-ſme :: Rad:: Co- tang.: CR: CF: CE :CH, i. e. co: ſine: Rad:: 
Rad: Sicunt, and CW; CH:: cB: CI, i. e. Sine: Rad:: Rad: Co. ſecant- 
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AN EAST 


Ouadraturs of the CIRCLE, 


From 2 / 3 or \ 12, Communicated by Mr. HALLEY, 
Profeſſor of Geometry in the Univerſity of Oxford. 


Mz have been the Attempts in all Ages to exhibit a ſquare 
Equal to the Area of a Circle, or which is all one, to find 
the Ratio of the Diameter to the Circumference : This Archime- 
des near 2000 Years fince ſhewed to be nearly a 7 to 22; and 
conſequently the Area to the circumſcrib'd Square as 11 to 14, 
contenting himſelf in ſmall and integer Numbers : though his Me- 
thod were capable of extreme Exactneſs, as has been ſince made 
appear by the moſt elaborate Calculus of Ludo, Par Ceulen. This 
Gentleman by the continual Biſection of an Arch performed by 
Extraction of the Square Root ( Analogous to Mr. Briggs's Me- 
thod for making the firſt Logarithm ) carried his Work ſo far 
as to aſſure us, that the Diameter being 1, the Circumference was 
3.1415.9265.3589.7932-3846.2643.3832.7950.288 ＋, the laſt Fi- 
gure being not an Unite leſs than the Truth. And this was look'd 
upon as ſo valuable a Performance, that it ſtands Engraven on his 
Tomb-Stone to perpetuate the Memory thereof. However it 
might be queſtioned, whether it were really ſo, unleſs by him that 
had taken the pains to examine it throughout, And moſt lovers 


of theſe Matters have choſen rather to take it upon Credit, then 


ive themſelves that Trouble. 


8 Now ſince his time, as there have been many abortive Eſſays 


towards a perfect Quadrature, by thoſe that knew not enough to 
ſee the impoſſibility thereof: So rery much has been done towards 
facilitating the Calculus by Methods far differing from that of Ar- 
chimede. And particularly the Doctrine of Fluxions, and of infinite 


Series, which may not improperly be called the Geometry of Curve- 


lines (both invented by the moſt Illuſtrious Sir Iſaac Newton ) 
doth afford us many Solutions of this Problem. Amongſt them it 
may not be improper to produce that, which of all performs ir 
with the leaſt Work, derived from the Tangent of 30 Degrees 
V. The Fluxion of the Tangent of an Arch, being to the 
Fluxion of the Arch it ſelf, as the Square of the Secant to the 


Square of the Radius, as is thus demonſtrated. =» "i 


3 
| 


—— 
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54 An 200 y Quadrature of the Circle, from y/ 12 
Let Cbe the Center of a Circle, CR the Radius=r, AR any Arch; 
5 T KT its Tangent :, and CAT 
its Secant, Draw the Line C aP 
P infinizely near to CAT, and the 
Line TP will be the Fluxion of the 
Tangent St, and A a the Corre- 
— — ſpondent Fluxion of the Arch a, 
With the Center C, and Radius 
C P draw the infinitely little Arch 
OP. Now ob ſimilia Triangula TP : QP :: CT: CR, and again, QP: 
a: CT: RS CA. Wherefore ex aqwo TP : AA:: CT; 
CR that is, r, is to rr, ast to a. If therefore rt be di- 
vided by rr + tt, the Quotient will be : —_? * eo+e't— 158 
75 | | wp: 7 1 
LI &c · S the Fluxion of the Arche Its integral or flow- 
78 


C5 


| * "A bd 2 . — 5 15 22 
ing Quantity will be the Arch it ſelf, viz. : 45 5777 


+= „ &c. Now the Radius being Unity, and the Tangent of 30 
Degrees 52. tis evident that g / — is the Cube thereof, and 


* 1 1 N 5 : | | 
7 77 the fifth Power: 2 / z the 7th Power, Ce. » infinitum- 
Whence tis obvious, that the Arch of 30 gr. is 1 7 * 7 

1. r 
N 3 189 7 ban + om ig" 
&c. Six times this Arch is the Semi-circumference of the Circle, 
whoſe Radius is Unity ; or the whole Circumference, when the 


Diameter is Unity. Therefore / 12 or 2 / 11 = + 2 — 


18 720 Ce. is equal to the ſaid Circumference. Hence the Rule: 


Divide the ſquare Root of 12 continually by 3, and the ſeveral 
Quotients again by all the odd Numbers — mas the firl 
quote by 3, the ſecond by 5, the third by 7, &c. Then to the 12 


I ; | s 
| add the — of the ſecond Quote, — of the fourth, 7 of the ſixth, 


Ge. in infiaitum, and from the Sum ſubſtract . of the firſt Quote, 
Z of the third, 1 of the fifth, c. in inſinitum, and the Remain- 


7. Ir 
der ſnall be the Citcumference ſought, An 


— 
to 4 
F > Yo. 


y 
, 
ö 
} 
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An Example of this Proceſs take as follows; the ſquare Root of 
12 being 3.4641,0161,5138— | 


— — 


* — 


1 3.4641 0161 5138 (3.4641 O161 5138 =) 12 


3) 1.1547 0053 8379 (0.3849 0017 9460 
5) 3849 0017 9460 ( 769 8003 5892 

7) 1283 0005 9820 ( 183 2857 9974 
9) 427 6668 6607 ( 47 5185 4067 

11) 142 5556. 2202 | ( 12 95960200 
13) 47 5185 4067 ( 3 6592 7236 

159 15 8395 1356 x 0559 6757 
17) 5 2798 3785 ( 3105 7870 | 
19) 1 7599 4595 ( 926 2875 
21) 5866 4865 ( 279 3565 | 
23) 1955 4955 , 85 0215 
25) 651 $318 ( 26 0733 

279 217 2773 ( 8 0473 
29) 72 4258 ( 4974 

31) 24 1419 ( 7788 
33) 8 0473 ( 2438 

352 2 6824 ( 766 
37) 8941 ( 242 

39) 2980 —C 176 
410 993. ( 24 
43) : 331 | ( $ 
45) | 110 ( Ce 5 

47) 2 37 ( x 


＋ 3.5462 3317 2181 0.4046 4051 8591 
— 0.4045 4051 8591 


3-1415 9265 3590 


This Work being to be perform'd in little more than half an hours time 
s more than ſufficient to exhibit the circumference of the Globe ot the 
arth fo truly, as not to err the breadth of a Grain of Sand in the whole, 
nd the Compendium of this Method has tempted the ready Pen of the 
oft Incomparable Mr. SHARP to continue it to be double the famous 
umber of Van Ceulen. Which is a degree of Exactneſs far ſurpaſſing all 
deliet; for it is more than ſufficient to give the Number of Grains of Sand 
hat may be comprehended within the Sphere of the fix'd Stars, it bei 
greater than the Cube of 12000 X 5280 Xx Soco x 100000 * 100000. which 
onſiſts but of 65 Places, taking all the Dimenſions with the moſt. So 
hat here you have the Dimenſio Circuli, and the Arenarius of Archimede 
doth in one. Hence it appears, that Yan Cæulen's Number is true. And all 
uture Syuarers of the Circle may pleaſe to ſquare their Work by this Rule, 
nd not expoſe themſelves by obtruding their falſe reaſoning on the 
orid, 
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(6) 


Let the Tangent of 22+ Degrees = /2 — 1, be a= 0.41427 
35623,73095,04880,16887 + the Square hereof aa is = 1— za, 
the Cube a = a — 2aa, i. e. = 5a—2, the 5th Power af = 54 
— 248, i. e. = 34 + 44—2, i. e. = 64 -a, therefore the 7th 
Power a? = 6a* — a', and the 9th Power a? = G -a, &c. ſo 
that all the Odd Powers may be raiſed by multiplying the next 
leſs by 6, and ſubtracting the preceding, thus the following were 
made, then divide each Power by its proper Index, and ſubtra& 
every ſecond, Viz. the 3d, 7th, rith, 15th, 19th, Oc. the remain- 
der is the Length of the Arch of 224 Degrees, Viz. x part of the 


Semiperiphery. 


| The Odd Powers of the Tangent of The Affirmative Powers divided 


222 Degrees, = 


= * 2—1—4142135623730950488017 
a'==) 219330881g7564152490 
a®* 3589374986230696634 
2a 1056613342795 337264 
27 3110379273427542 

a** 9g1561017003375 

a?” 2695304687217 

a?? 79342362008 

a'® 2335621075 

a7 68754265 

24 2023937 

a“ $9579 

2» 1754 


by 1, 5, 9, 13, 17, 21, &c. 


1) 2 4142.13 66.237 3.09 50. 4880.17 
50.224. 3 866.1763. 9512.8 304.98 
9) 3988.194429 14.5218.48 
13) 81.2779.4944.5794˙66 
17) 1.8296. 3486.67 22.08 

21) 436, 0048.4287.32 

25) 10.78 12.1874. 89 

29) 273549435418 

33) 70-7763-96 

37) 1.8582.23 

41) 493.64 

45) 13.24 

49) 36 
＋.4168.9293. 7604. 2478.3371. 19 
— 239.9385.5905.5 236.7 890.41 


The Arch of 225 Degrees . 39 26.9908. 1698.7 241.5480, 78 
Which drawn into 8 is the Semiperihery z. 1415. 9265.35 89.793 2.3 846.24 


The Odd Powers of the Tangent of 


227 Degrees = 


a? — 710678118654752440084 
a? 209204105 30632474854 
a'* 615839386751704950 
27 18128618925493434 
a $533656715071820 

a*3 15709356945432 

a*7 42441174571 

a1 13612997179 

a? 400729223 

a 11796357 

14.025  g472g3 

2717 10222 

a'' 301 


The Negative Powers divided by 
3, 7, II, 15,9 19, 23, &c. 


3)=.0236.8927.0621-3250\$133-51 
7) 2.9886. 3007. 5 804. 6392.65 
11) 559.859.8795. 5098.41 

15) 12.9857.4595-0328.96 

19) 2808.7 195. 4300.96 

23) 68.3016.8238.45 

27) 1-7127-4509.21 

31) 439.12 89.41 

35) 11.4494. 06 

39) 3224-71 

43) $0.75 

47) 2417 

51) 6 


=0239-9335.5905-5236.7890.41 


Though theſe Powers are not ſo eafily raiſed, as thoſe of 12 yet not many a. 
- 


boye half the Number are required, 


(6 

Let the Tangent of 15 Degrees be a = 2—=y3=0.26794919245 
3112270647255 its Square aa is = 4a— 1, the Cube aaa = 
4aa -- 4, i. e. = 158 — 4; The fifth Power a = 15a — 4aa, 
i. e. 154 — 16a ＋ 4, i. e. =1443;—a: The 7th Power a 
144 — 45, the gth Power a? = 144 — a*, fo that none but the 
Odd Powers need be made, any of which are rais d by multiplying 
the next leſs by 14, and deducting the preceding, &c. ut ſupra. 


The Odd Powers. fan ve Powers divided by 

| 1, 5,9, 13, 17, 21, 25, &c. 
2 2-0 326794919243 112270647255 3658 2679.49 19.243 1.1227.0647.25 53.658 
a 138121810464565 2763714825 502.7624620. 9291. 3055. 2742.926 
a? 7119870132929688083644] 9) de eee 
a'3 36701336706724512389 13) 2823.1797.4667. 1116.33 


217 189187174867319875 17) 11.1286.5734.5 136.462 
a** 975217535543331 21) 464.3893.0263, 968 
a 5027028086313 25) 2.0108,1123-452 

a*® 25913204444 29) $9-3555774 

a 133576768 33) 4947-78x 

27 688558 37) 18.610 

2 3549 41) 36 


+ 2632.2622-99933.0884,2969e3632.45%0 

— 64,2684, 2183.9389.9315. ; 128.344 

k The Archof 15 Degrees 2617.9938.7799-1494+365 3-955 3-616 
Which drawn into 12 is the Semiperiphery 3.1415.9265.35$9-7932-3346.2643.392 


The Odd Powers The Negative Powers, divided by 
3, 7, 11, 15, 19, 23, &c. 

a? 19237886466840597088 304877 | 3) 064.1 262.88 22.2801. 9902. 9434.959 
a? 99166798 198541603699876 7) 1416.67140283.6308.6 242.8 39 
21 511183676474029471145 11) 4-6471.2433-1532.0861.013 

a 2635037420113702305 15) 175,6691,6134.0913.487 
279 135830260297 75943 19) 7148.9621.2040:839 
a) 70017468830659 23) 3044423,7775-247 

*? 360924377845 27) 1336-7569-550 

a3* 1860484372 31) 6,0015.625 

a5 9590380 35) 274.011 

25 49436 39) 1.268 

a+? 255 43) 6 


—0064.2634.2133-93539 9315.5 128.844 


The raiſing theſe Powers is ſtill ſomewhat more troubleſome, yet 
not above one third part are required, | 


Tho? no other Method of obtaining the Quadrature of the Circle 
can be expected equalling that ot Mr. Halley's by „/ 12 in Facility 
and Exafineſs, yet the Three preceeding deduced from the ſame Prin- 
ciples may perhaps exceed any other yet diſcovered, and ſerve for a 
Confirmation as far as they extend. 
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Mathematical 
TABLES. 


Contrived after 4 moſt Comprehenſive Met bod: 


2. 


A TABLE of Logarithms, from i to 101000. 
To which is added (upon the ſame Page) 'The 
Differences and Proportional Parts, whereby the 
LoGARITHM of any Number under 10,080,000 
may ealily be found. 


TABLES of Natural Sines, Tangents, and 


Secants, with their LoGaRiTHMs, and Logarithmetick 
Differences to every Minute of the Quadrant. 


TABLES of Natural Verſed Sines, and their 


Logarithms, to every Minute of the Quadrant. 
AND 
A TABLE of Difference of Latitude and 


Departure to every Degree and Quarter-Point of the| 
Coup Ass: The Radius 10000, 


— 


' 


LONDON: 
| 
Printed for Thomas Page, William and Fiſher . 


at the Poſter» on Tower-Hill, 1726. 


— 


* 
2 — 


Num. 6. L. — Logarithms, 
I Logar. || N| Logar. Tun Lag Mam. Log. Num. Log 
E ö __||_ | Index: lndex2|| Ind. 2 
I 50 1-6989700 OA 0902009 $50 17609 13 207 3010300 
1 [2-000000Ct 15 111.707570Mtor 43214 151] 89765||201 31951 
21030103001 1 5211.7 1009033102] 8650211152 18184360202 $3514 
319447712131 15311-7242759][103 012337211153] 46g14||203] 74960 
4 [0.60206001 | 5411.7323938f104] 5032301154 | 75207 204] 96392 
5 [0.69%g700] | 5511.7403627 105 6211893 155 119933171[20513117539 
610.7731513][56[1.7431880[{r06 530590156 31246][206] 38672 
2.8450 8057.735874 9383811157 | 58957209 59703 
$10.9030900] | 5811.7524250}1108] 03342331158 | 8657 11/208 80633 
9129542425] [5911-7703520[f1og} 742850169 20139711[229]220146} 
10|1,00C0000] |601r.7781512]|tro|ogrzg27)[160] aizool/zno 22193 
1111,.0413927| [6111:7853298[[ixr1 $3230|jt61 68259 2110 42825 
121.0791812 62]1 7923917||112 92180[[162| g5150[[212 63359 
1311.1129434] [6311-7993405[[113 05 307840163 [2121876|[213 83796 
14 1. 1461280 6411.8061 800 114 "59045 164 43438 21413304135 
15 1.1760913] [65|1.81 29134 115685897 165 "74839 215} 2435; 
16 1.2041 290] 681.8 1954390116] 44580|1155 [220108111216 44539 
1711. 2304459] |6711.8260748|[117] 81859067] 271651217 64597 
1011:-2552725||6811.832508g][118 9718825 168] 5209318 84565 
1911-2757535|[69]1-8388491}}119] 53475159 _78867] [2191340444 i 
2011,3010300| | 70[1.8450g980[[120 9181211170 2304489 220] 24227 
2T [143222193|| 7111-8512583|[121 0827854171 | 29961[[221 4392} 
22[1.3424227||7211-3573325|[122 635980172] 552840222 63530 
23 1.3617278 073.8633229 1233 99051073] 80461 223] 83049 
24 13802112 241.8692317 (241 293421711174 [2405492 224 3592480 
2511.3979400| | 7511.8750613||125 | 59186 175 30380||225| 21825 
2611,41459733||7611.3808136|[126 100370 576 55127] |226 41084 
27|1-4313635||7711.5564907\[r27] 280370770 79733 [227 60259 
2811.4471580]| 78|1. 8922946||128 7210511178 2504200 2238] 79345 
22 (1 46239901 [7911397627 1}r29} 1195897][179|_ 28539| [229 98255 
30[1.4771213]| 801.9030yo0oſ[130] 39424[]r80 52725] |230,3617278 
3111.4913617||111.9984850|[121] 72713]h181] 76786 231] 26120 
3211.595150c[[8211.9138139][132] 1295739118 2 2600714||232] 54880 
3311.5155129| [8311919078113] 385160830 24511 233] 73559 
240304799) eee ee _ 71045 [[184| 28178] [234) _ $2155 
3511544068] | 85]1.9254189}[125| 1303335 135 717170357055 
361.5563025 8819344985136 25389086] 951292360 29120 
2245582178299 719 202] 67206187 [2718416 [237] 4748; 
351 1.5797836||88|1 944432711138] 9859111188 4157811238} 65770 
29|1:5910646| [3511-9493900\[139] 1430145|[13g] 64618 239]_ 83979 
40] 5.6020600] | 90[1.9542425]]1t40| 512807 190] 875360245 3802112 
4111.6127829] [9111.9590414|[141 92191191 [23810334 241 20170 
4211.6232493]|9211-953787$|[142|1r522583||192 33912||242| 38154 
43] 1-0334685] 193}1-9634329|1143] 633680093] 5557311243] 56053 
441.6424527 31279044 __$362< 1944 7801711244 Az 
{45} 1.6532125 $11-977723C||145| 1612680 195 1299934] [245] 31665 
461.8627578 [941.982271211145| 43529196 22501|[2461390935! 
47 11-0720975] [9711-98677 17/1147] 7317 [lo)] 44662 247] 26970 
4811.6312412] [8.99 12260148 1702617]]}198] 6665217480 44517 
189 *1-65019611 [29H 29956357 149] 21853j11991 $8531 1249 6199} 
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7707975300075 | [3505440680 | deseo 457155 
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251 967373010 8566535 53071 [| 491] 31444] 1457 41755 
25214914095 | | 302[4590069 | [352 65427 | | 402] 42261] [452 51384 
253 21205 | 303] 144265 777474 J 83875 453] 59932 
24 48337 | | 304] 28226 [354] __ 90233 | | 422] 03814] 1458] 70539 


65402 305 42993} [35515502284 | | 495] 74550] [455] 88573 
256] 82400306] 57214 356] 14500 | | 40 85260] 145%] 8964 
257 99331] | 307] 72354 | [357] 25682] | 497] 95244 457] 99162 
25804116157 | 308 85507358 38850 | 40886106802 45816508655 
2 325580] 399199585 | [355|_59944 | [429.1233] [5212227 
49733 | | 3104913617 | [36] 63025 | | 41 27839 460] 27578 
66405 | | 3:1] 27504 | [361] 75072] [421 35418] [4631] 37009 
$3013] | 312] 41546 | |362] 87056] | 83 438973] [452] 46420, 
263 995571 [313] 55443 | [393] 99966 | | 413 463] 55810 
264/421693g| | 314] _ ©9295 36415611014 
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26c| 3245 315 $3106 | 1305}F 22929 74530 

265 48816 g6$71 | [380] 34811 32839 
1267] $5173 31715210593 367] 46661 93169 
268] 81348 24271 | [68 58479 670245 
269] 97523 37997 | [399]__70254 1172 
27014313633 51500 | [37<] 82017 20979 
271] 29693 65050 37 93739 30209 

| 272] 45689 78559 | (37+ 255838 39420 

| 273 61626| | 323 92025 [373] 1708 48611 
274 77506| | 3245305459 | [374|_ 25719 57783) 
127 93327 3250 18834 | [3757] 49313 66936 
21014409091 32 32176 376 51878 76070] 
273) 24798| | 327] 45475 377] 63414 85184, 
278] 40448 | 325] 58738 378 74928 
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279) 56042 | | 329] _71959 | [372] _20392 | | 425] 22 47915503355 


280] 71580] | 33 85139380 97836 12412 
281 $7063 331 98280 38105809250 21451 
232145042491 | | 332 5211381 282] 20634 30470 
283 17864 | | 333] 24442 1383] 31988 39471 
2840 331833340 37485 — 43212 48454 
. 48440 | 335] 52448] [335] 54607 57417 
286 62660 335] ©3393 336] 65873 66363 
237) 78819] | 337] 79299 387] 77149 75290 
288] 93925 338 89167 358] 88317 84198 


[28514658578 | | 3395391997 249495 1645 _9325g 
290 23980| | 349] 24759 39005910646 6901901 


291] 38930341 27544 | [391] 21768 10815 
292] 53329| | 342 40261 | [392] 32851 19651 
2930 58675] | 343] 5794" 393] 43926 2846 
294) $3473 | |344]_ 65534 | [395] 54992 494] 37269 
295 982203470 75191 | 1395 65971 46052 
296147 12917 346] 90761 396] 76952 54317 
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298] 42163 348) 15792 | [398] 99531 
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50 [589700 [55017403627 | [S0O 7781513] [65013129134] | 700j8450980 
5011 98377] [551] 11516] |601! $8745 | [651 35510] | 701] 57180 
5027007037 ; [55% 19391 | 1602] 95955 | [552] 42476] | 702] 63371 
503] 15650| 1553] 27251] [60317803173 | [652] 49332] | 703] 69553 
504 |_ 24305 | [554] _ 35098 | [604] 10369 | [654] 55777 | | 704]_ 75727 
505 32914] [55<| 42930605 17554 | j555] 62413] | 705] 81891 
5061 41505 | [556} 50748 606} 24726656] 69038] | 706] 88047 
507 50080557] 585521607] 31857 | [657] 75654] | 727] 94194 
508 58637 | [558] 66242 [[608] 39036] [658] 82259 70888500333 
509] $7175 | [559] 74118 [[60g] 46173 659 88854709 06462 
510] 75702] [550] 81880 610 53298 166c| 95439 710 12583 
5111 84209 [561] 89629 [611] 60412] 66108202015 | 711] 18696 
5121 92700 562] 97363 [1512] 67514 | [662] ©3580] | 712] 24300 
51317101174 | [563}7505084 [1613] 74605 | [669] 15125] | 713] 30895 
514} 09631] [564] 12791 [[614] 81684 664] 23651 714] 36982 
5151 18072 565] 20484 615] 88751 | [645] 28216] | 7:5] 43060 
516] 26497] [566] 28164 ||516] 95807 | [665] 34742 716] 49130 
517] 24905] [597] 3531 [2792852 | [667] 41258| | 717] 55192 
518] 43298] [568] 43483 | [518] 09885 | [668] 47765 | | 71%] 61244 
519]_51674| [5%9|_ $1123 | |6rg] 16906 | [66g] 54261] | 719] 67289 
520] 60033] |57 58749] [620] 23917 | [67] 60748] 720] 73325 
521] 6$377| [571] 66361621] 30916 | [671] 67225||] 721] 79353 
522] 76705572] 73960| [622] 37904 | [672] 73693] | 722] 85372 
523] $5217] 1573] $1546] [623] 44880 673 SOI51 | | 723] 91383 
524] _93313||574|_ 89119] [624] 51546 | [674] 86599] | 724] 97386 
5257201593 | 1575] 96678| [625] 58800 | [6251 93038 7255603380 
526] ogb57 | [57617604225 | [626] 65743 | |676 99467 72 09366 
527 18106577] 11758] [627] 72675778 305887 | 727] 15244 
528] 26339 1575] 192786280 79596 | [678] 12297] | 725 21314 
529]_34557 | 1579|__26786| |62g|__ 86506 | 69 18698] | 729] 27275 
529| 42759 5800 34280 [630] 92405 | [680] 25089 | 73 33225 
531] 50945 | |581] 41764 | [631,50co2g49 | [681] 31471] | 731] 39174 
$32] 59116582] 492306320 07171 | [682] 37544] | 734 45111 
6727283] 56686] [533] 14037 | [683] 44207] | 733] 51040 

534] 641281634) 29593 | [684] 50561] | 734] 56961 

7155911635] 27737 | [685] 56906735] 62873 

78976 [6360 34571 | [586] 63241] | 735] 68778 

863811637] 41394687] 69567 | | 737] 74575 

93773| [938] 45207 | 1685} 75534 | | 735] $0564 

77911531 1639'__ 55009 | [58g] 82192 | 739] 86444 

03520] [645] 61800 | [5gc} 885491 | | 74c] g2317 

875] [641] 65580 | [691] 94750| | 74:] 58182 

23217] 642) 75350 | [592]$491C61| | 744]8704939 

20547] 16423] 82110 69:] 07332] | 743] o9$88 

37864 |,644'_ 35359 | 1594]_13595 | | 744] _ 15729 

451701645, 95597 | P95] 19548] | 745] 2156; 

52463 | 6468102325 [5yo] 26092{] | 746] 27388 

59743 | $474 09043 | [597] 32328] | 747] 33206 

67012 648] 15750 | [59S] 35554] | 745] 3gor6 
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75018759613 | | $00jg030gcc be cly294 105g] 1900195424251 1952 9777230 
751] 56399] | 501 26325 855 99296101 472481951 $1505; 
752] 62173| $02} 41744 85219304: 96] |g02] $2065 1932 86369 
753] 679500 [803] 47155] [553] 848885 5657511953] 90929 
754] 7371311804) 52560| [854] 14579] [904] e 95454 
75 79479 | 1525] 57959] 1855] 19661] [go5} £6450 555 9805034 
7500 $5218] [3095] 63350] [$5] 24735] |90C 71282956 84575 
55 gogso | [807] 68735] [557] 25808] [907] 78873 ©9115 
755 56692 [8080 74114] [555] 34873] [508 8085>|[955| 13555 
159 8802418 | | 09]__79485 855} 35932] [999 _ 85639 ][359 13186 
760] o$rz6||810} 84850] E 44985 ic 90414 ( 22712 
7610 133847|| 11} 90209 861 5coz2||91i 95154[[991] 27234 
762] 19550||512] 95560 $62] 55073} [912] 9994511992] 31751 
763] 25245 | |513{g91ccg05 862] 6crc$] 191319604708 |[963} 36263 
764 30934| [514] 86244 864] 65137] [914 e9462119641 45770 
765\ 36614 815 11576] [8 70101421 5051 45273 
768 42288 [8160 16902] [8e 75171 25955 [1996] 49771 
767 47954 i317] 22221 $67] $0191] {917] 23c93 967 54265 
1631 52512 [818] 27533] [56%] 8519280 28427 968) 53758 
76% $9263! [$19] 32839] [$65]_g0168F [919] _ 33155 [19591 £3238 
770 64907 | [$20] 38139] [ : $5293] |gz0} 3757511977 67717 
771] 70544] [$21] 43432] [$73134c0192] 1921] 42596 1197} 72194 
| 772] 76173| | 322 48718] [$72] c5165]|g22] 4730511972 76603 
. 7731 81795 | [823] 53993] 1873] 51420] 5221711973 $1125) 
774] 8740824] 59272 874] 15114124] 5672611974] $3599 

775 93017] [825] 64539] [575] 50cv1} 1925] 01417 975} Ha 
776] 58617 [826] 69800] 1576] ©5041] 1926 661101976] $4495 
77769042100 [327] 75955 | [877] 29956] [927] 79797 ([9774 95945 
278] 09796||828] 80303] [575] 34945 [1925 11 
779] 15375] [329]_ 85545 $79}_395*S] 95S 
780 20946 | [530] 90781 dc 44827] jg3c] 84829 9%] 12201 
780 265r0| [$31] g6010] [581] 49759\ [931] 59497 [1251] 16690 
782] 32068| [3329201233] $557 $4686||g3:] gaigg|hg52 21115 
733] 37618] 833] £6450] [$53] 5$$6c7] [923 0881611383] 25535 
784] 43151||334] 11651] [584} 04523 03419702263 || 954] 293511 
785 485g7] 1335] 16565 855} 69433] [93<] C5ir6|]g55| 34392 
185 54225| [835] 22963] 556 74337] [935 12758 %% 357% 
7871 597471 [837] 27255 | [557] 79236] [937] 17356 1195 | 4307- 
| | $412C 538 27015 [195% 47465 

85G 15 9291 26656 555 51977 
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291| $1755] 184x 47506 $5777] 1941 6 
75% 87252 542 53121 892650261542] 450,5 992 6511 
79:1 927320843] 53275 | [833] se 4 
794] _93205 | [944] 62424] 94] _ 12275 | 19:4 |_45720 992] 1:56 
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75% 5036710 [845] 685675 »d230] J 52218 
7961 29131} [346] 72704 de 22080 |ygt 587110 
7571 14583] 1337] 78834] 27524] [347] £35001, $97) 
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N 10200. Loco. j 5 
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— 73777810 
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24443575 72 2 
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— 2-9 312525 757 — — 
eh coolant 3312037440 
072661157//15 9 . 
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= 2370 2 4305,5237 
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0808 1236 10041209: 492377 eyes: 
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+ 6 {£96 79s 6198/6624 
364 371675 046300889 
<9 Hep 244 14724'5150 
2165]2594 3220 5 atk 
6387867535 32343659 
210009. 02570683 l $f dtc 
tx 1 gt 2 IE 1727/2151 
23] 87569181 950g] — 125567516 
24/010.320913424 3845 807 5 544 88625 
| 25| 72397662150863510 — 
25/011.1474 897/23 12743 3645068 
27 570406127 27227 98875210 
b = * 71077529 
% he 7 he 
8 124 55245955 
3113˙25873058ʃ34 292975 57425255 
32 — 8. 2545/4365 
33,014-1003 1424); 436465 | 4144564 
34) ___$2051562512945, 2295 3951772 . 255 
oy 9402682310263 0602 6775555 
366 15.3598 4017 355 1 2 4777 5 
| 37] 778888 206 222 — * 
351216.1974 23992 1 — — * 14 
b 168 1580 32563673090 
1040 517.0233075 2 — te * 
] 450714924]5342.575s 742717844 
5 2 5855 5757651736589 
A r 407 114434|4502 
45p19-216311572 57476962 822286279052 
46 5317573265147 * — ad 
47 9467 9882 7222 e270 885 „ 
* 1027 1187855 en 855 
41 7258655638974 824/2380652 = 
| l314V 516179 9 
vu. | © 11 2 3 1 
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E 101000, N.10500. L.o2t 
Nam o iz 3] 41 516 | 7 | $9 De 
1050921. 139212307127 21313413547] [3951]4374[47 $715 291155 141413} 412 
51 6952715441585 417 267]7680| [$05 2158506 59191933219745 1—41 
52022. 0157570 2983]1396|180$] [2221026343046 34593871 2—8 
531 428446966 1091552115933] 634/6758715 75827994412 
54] Ses 822084 2 [046510878|125g]1701[2113] 155 
566523. 2525129361334$]375 1447 5824945858178 
50 662917105011464787 315284] 8695 106½561779280339 
57524. 0750111611157 198223930 2804 3214362 5403604446 
58 48576267 567808 886498 [6999|731517729Þ 1 3915549 410 
1 8969370 9789Þ199Þo5cof [1010] 141g]1329223912649] _ 
1086525. 305913468 3578042884697 [5107/5516159212335(0744 
61 115475637572 3382879 1 |9220|/g609|9015]0427}05 3C409 
62026. 1245 1654/2063 2372288103289 3698041074515 4924 
62] 53336741 515955586967] 7375%½7783 81 h 
64) 2482428411549 [1457|1865/2273]2680/3088,405 
65527. 34953994 431247195127 1553515942 635067577165 
65 757217379 $337]8794 9201] [9629,0016|0423 0830] 237/407 
671929. 1644 205112455 250513272 3659 4086 449245991530 
68 571315119 652959327339] 7745/8152 55808964937 11406 
6: 9777[13395999951402] 11808|2214|2924302013432]__ 
10701029. 3838 42444649 505515461] [53671627 210075 70847489 
71 789513300 8708511195160 9292327732 1135/1543 405 
521530. 1945[2353/2758]3163/3568] [3973|4378 4753151585552 
73 $99715402,989717211 7616 8020 842558309234 $638 
24027. 430447 8236 1560] [2064/2465 277 20 454 
75 4085 4489 48935 296.5700 5104 6508 6901 731517719) 282 
75) 8123 952005930 23339737 014905440947 135011754403 6242 
771P32+ 2157 2560/296313367(3770] [4173/4576 497953820785 5-83 
7 51880559099 356 7799] [3291|$604 9927194999512) 8-323 
791533. 021410517 101911422 1524 2220 2629 2031 2033/3=35.402 ads 
los) 4235|4640,524415444 5540 62486650 70527453 7855 3 
81 8257/5659 9085 94629864 10265 0667, 1009 147011871 | 1=—4O 
820534. 227312674 37847738780 (427904680 5951 548205884401. 0 
83 6285 56867087 74877888 [8239 969 9<91 949189. 229d 
$435. 29069 3 1994[1495(1895] 12296] 2696|3952 3497135971490 [4..160 
85 42974698 5098054985898 62986698 70987495 7858 40 
. 86] 829/8698 029710697] 1997|14g8]1590) 1-241 
87036. 2295|259513994[34941359z3| [4293/469215991]54g1 5870399 [7-251 
83] 6239[568$[7087]7486,7855| [8284863308 2948 58800 [$2 
pony 2272/2671|30793468/3567| -. 
logo 4265456305062 540445858] [52576655 795317451 7549398 2 
gil 8248886460446 4429839 (2376351033143 100820 1—40 
921038. 2220262420223 419 3817 [4214/451:]509g|5 407 5504 2=7, 
\ 93] 6202|659g[0996 31880858598293 79770397 z. 119 
242 D 22% —88255495334803745 * 
95 119114538149 341533115727] [5124/652c|4919/731 3/7 709/396 15-195] 
| 96] $106 $50: 086 O48. 5878 255 7 8 L238 
9740. 2066 1045444048375 23205628 7.278 
| 9 6523 3201[$356]$791]9187/958 21395 j$--318 
622 29 ZZZ E-257 
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.. Fro 
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Logarithms. 


New | oſsſz|3[4j[5[6|7}5| oP 
11000 04139273271 5 ri 50e 592<15295j06gc[795 417475] 295] 393 
| ou! 787;1320*116621,054]94< 1] 19545] 2291063 :11028]14 2%] 3941-39 
02142-1314 221 [2604] -9g$[3392] [37S6[41 $0{4574[4968[5 36: 2—79 
0 rsa e330 772368 11785 , - [3=115 
+ OL 963 | 0541247 7957 101264 16572050 2444 283703230 293 — 57 
= A - 3149 16[442914502]5 195] [5587139801637 3197607 15g 198 
| Oc 75<11794415337157 2919 1-2] [95 14],9071029910092 108.4 392 6-236 
744.4476 r56412261[265 312945] 34377829422 4451 45006 1-275 

| off $5399579<1915 1657312995] 173571/749]51455 3415924 — 14 
5 pepe e wh. 2051244712539] 29115=354 
110045 .323+-[362i[49+ 21440314795] [5180;577]15985[5359[675c 290 
17 714107530752. 3313 $704} 19995124495 9875 2267 0657 1—39 
12046. 103 81438018 202219/261[380.33910378104170456139002—78 
I? 49521524<15732 5122/6512 099%] 492170041357 2}546: 3=117 
14 S eee eee eee nete d2355 4-156 

| 154047.2749]313>|3525[39 1714306] |46g0],055|547415$64/6253] 389-195 
10% 6542793:1742<1782915198] [8557[5976(9365[97 e —57 
171048. 32009211305 1655 2087 [2474[250413 25 3] 364114037 7273 
180 44151450051951553315972} [635 15745713575 2517313] 3888-312 
19 839108885 3277194651955 3] [22411029 LOT 7F 149511792 © 16-351 
T12C104 7.21 312508295013343137 31] [4115|4500 4594 5281 5005 | 336 
210 6256644415534|7 21517606] [799319 350157071315419541] 387,135 
| 27 9329193105763 1098 1147718630225 2637024 3411 2-77 
| 2:1052-37994184]4571 495515344] [5731]511716504[58g017 277 =116 
25} _ 76033245]343513522]9208] [9595]298110367Þ75 301123] 336,154 
2 095 :,1525/1911122971268 312069] [649005844227 agel 5193 
27 535477 5155654107920 [7317597508 ;15465|$55 4 6-237 
| 27 92398240 10% 957855 %% 9360232102700 3857270 
2805 2.3-9:1347<13561]4246!4631] [52101542C{5755}5170(0555 8-309 
| 5 & 97323 288953847 [535<[9247]953110216[c4.00 9-347 
10053. 741955 1937/2321 2701399012474}32551424%| 354 353 
310 46265"115294{5778 6162] [254659 291731 [7697j80Si\| [135 
| 32 8464554823 9515959% [-3%+[-760]1149]1534[1916] 383,2= 77] 
33 054-22g9295213069134493532] [+21 51455312951[$36515 74% 3-115 
34 t31105141659517279/7602] [245[53420[S5$11 1919319576 4153 
35 955903472416 489/187 ½2254,2636 301940. 382-19. 
26 055-37%43j4160 +545 49395312 599415077 5459158411722: 6230 
37 79551795715359137509 1326514890027 06591 7265 
38 056.1422301 804 0a 88 2567/2945 333<1271214093144751455<| 38115306 
39) $5337\5614[505919381;6762} [7143175 24179051525 71566d 9-345 
114% gag [93 icÞ1g91057 2] [2955|r334|1714[2095[2476 379 
41: G57.2346,3237];616 $998 4379] [47 59]5 14c[5520[5900[6281| 380 ſr —3% 
42) . 65611704117 42275025152 250 139421,322170210032 2—76 
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91198353 8587 928895229756 5990023 7-164 
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150417565 
31188177 
3728687890835 
934-1492 
9952014 
2564105 26 
117011235 
178811845 
2402481 


8 5 


23220238. 412445 
20000061 


344361603 3577 


1231/4293 
1547/4999 
346 215524 
597519140 
5693/6755 
7309 7370 

1924/7985 
3539/8601 
3154/9216 
9931 
2445 
2999 loco 
161.1675 
222802289 


2842904 51.4 


34573518 
4133 


4956 4747 
| 35350 56 


59145975 
6589 
7142/7203 
775517517 
5369/3431 
39335044 


0823'0885 


14? 71498 
20502111 
2663 2724 
32703337 


rev 


45024563 
51155178 
(5727/5785 
6401] 


— — — 


7014 
3238 


9463 
0075 
0587 
1299 
1811 


242% 


819 


K 


2626 61.2 


FN. 7: 000. L $51. Logarithms 4 
An 0 |1l2\3\141|5|6|7 $ | 9 D| Pts 


[7100185 1. 2583 204<|27061(2767[2$25, |2559]295c(301213073[3134 61 
oi 3195132563317[3375 3440 3591]3562[362313654[374< i= 
ſ o:| 3307138%|3925|399<[4051] 427423504255 4357]5141]2—1: 
05 44151447914540[4502[465 3] [4.724[4785]4846[4907][4965Þ [311 
o4j_ __ 5230150911515 21521215274] [5335153951545 71551915550 4—24 
| oc 564115702[57631[5824[5555| [594<16005[6269]9130[6191 — a 
ot 625 2631305374543 56496 [$555]65191[555c[6741]6802 6—37 
07 656316924 £g98517046]7105| [7169]7 2301729117 35 21741 2 Tmeg? 
off 747417535175961765717719] [778017841[790217963150244 [$4 
og) _$08515146[$20713268j8 329] [5391 5452185131574 8635 g==5; 
7110 $696157571$515[5575/3949] [909119062[9124]9155]9246 
11 9397193951942513490195 51] 1961213673197 341979519356 
2 9917/9975/004c[010119162] [2223192540345Þ2406[0467 
121052. 052880589 0650127111772 2833 0894 995511017078 
14 1139] 2001126111322 1353] [1444 ls05)1 566 1627][168$[51 


7120 450014561 4922 4992 5044] 1510515316015 227 5288 5345 , 

21 «54ic{54711553215593}5654] [571 37761583715 898[5955 | 
22 6020150314614 21629315264] [9325[5386[6447[8507[556d 
2 65295590 575 068 12058730 [9934[599517056]7117]71 7% 
24 7229½720073517422½74830 [75441760517666Þ7 72717785 
25 7349]7»y10}7c7115032]5092} [3153]3214[$27515336[$ 397 8. 
26] 8458551908580 864657 [5763135 24]8885[$946[g007 
| 27 9065/312519189/925019311} 123721343319494}955519516 
28 967719735[97991956019521] [9 3215042[0103Þ1641o225| 
| 24953-028619247j040$19465135 30] (5911365 2107 121277 3ſ0834 


CO 
W 


7130 08950956 1017 1078 11391120 1261 1322 1382 1445 ö N 
31 15041t56511626168711748] 801870093 1992055 
32 2113ʃ2174/2235ʃ229602357 2418 2479/25400 2000ʃ266 

| 3 2722278302844 29052958 30271208803 1483 209 3270 


24— 323. 339—4243514677502560375788183875 
35 940450104 6241224182 [42441|4305[4 365{4427[445d 
26] 434/6094570 1792 [4853/4914|4974{5035|50gt 
37 5157]5215/527915340154<] [54911552215 5531504415 705150. 
| 35 576515526|55571594 319005] [5070551 30{6191[625 215312 
39 6374654350649 565 565617 [5675]57 39/5800[5850[5g 21 
7140 698270437 1047165225 [7286]734717409[7469]7 30 
410 7559765772 777 3782407894755 515016]3077[5135 
| 42 519865625908 3200838 16442 [8505086246685 740 
| 42 6807]$867i$g 281$98g|9050 
44] __ $414]475[953619597]9658| [97151377919340þpg01[596: 
451354-0022þ053/0144j265h265| [532813870445 þ505þÞ565 
46 0630569 1075 208 128730 [0934[2995|[1056[1t116|1177 
1420014810 [1542]1602[1663[1724[178« 

45 1845}1906|1 9671292812085] [214g]2210]2271[2331[239% 
2635 

=. 


= 27571281712875[2939|390c 60.7 
4 [| 


| 
E 

| 

| 


o 101000. 


N. 71500. E. 854 


3 


3243 


903350 


4457 
5004 


115071 


6275 
5885 


47492 


5889998 
87061 


29312 
99719 


0216 . 


7 
2031 
2035 
3240 
3545 


ö $57, C305, 036% 
2 


4445 


5053 


5858 
5262 
2615866 


7410|7470[7531 
5074 
3678 
9282 
9885 
54290489 
1093 
1690 


2295 
237} 


2091 
2696 
3301 
3995 
4509 

5114 
5718 
6322 
6926 

7531 
3134 
8738 
2342 
9945 
9549 


* 


mil 


1486 


1153 
1756 
2300 


953 


3971 
4579 
5186 
3793 
6450; 


2433 
0240 


0646 


1253 
1855 
2465 
3071 
3977 


22] 14283 


4859 
5494 
$100 
5706 

311 
7910 


9127 
9732 
2327 


2942 


1547 
2152 


6766 
73727432 ö 
7977 8037|%09j315; 
5582 8643 $703]! 
91879245 ) 
97737852 
32580458“ 


8522 


221212273 
231712377 
342103452 

452614086 
46304091. 
38235855 
58395589905 
74426703 

47710802158 
＋ 
8255 5316083 
88 59891909 
9483523 
506701270187 


0070j07 3019791 
1127411334139 9]*- 
1877119 37]199* 
[2485125412601 
105 4123 14413 204]}3 


61718 


$16|7|$| 
3364/3425j3 +56 
[$93214293[+1 
4539 4700 T4 


524715397 


5354159 14]$ 975420 
646116521155: 
7057/75 5677128 
761476747735½7755 
3229065281 $24218 
'827|8 8888089482009 
9494195 5549915 
3101016 
07079768828 
1312113741143" 
1915 1980204! 
2526125 85 2047 
3Zi32}31921325 - 
373537951395 
434304404446 
4949501997913 
5555 56185876 
6161.6221 
682766887 


j 


1092,1053 
165711608 


| 
Attend, 


6564 


777207 


R 2 


Ets, 


Pro. 


a—_— 


— 4 


N. 72000. L. 857. 


Logarithms 
Num| o [1 2 $516(7|[8|9|D]Pr. 
7200(357+ 33 1335513449350 3566] [3627]3587[3747[3507,3865 | 
on 392895514043 42394298370 470 — 
02 453114591146521471 45334593495 3Þ5214,5274 
oz) 51346 945255319375 [54355498 5559155165677] 
04 727297858521 8868280 [6235,629961 591021916250] 142, 
05 634c|6409]546 65407016764 68226882 . 
06 694 3]7<03 7063 7123 715 7244 73047364 7425 7485 5— 38 
07 75451160517665[772617786] [7347,7992717987[302713055 7—42 
os) $148Þ20$Þ326983 29138389] [3449 $599.55 7<3630P69<[50.2]8—4j 
o 8750P810Þ537113931Þ8991] [995191129 1721923219292] [944 
7210] 9253þ413[9473Þ533Þ594| [9954971497745 3419895 1 
11  9955Þ215Þ075Þ135Þ196] 2550310377437 P49 
12 858. 0557161710678 7280798] [0853 ©9150379103g]tagg 
13 1159/2200128 913401 1460115210158 016401701 
144 175½¼½10ö72 18821942 256221232183½224 20233 
162363424484 544 266427247 650845/905 
16] 2955]3025[3985/3146 3266/3326/3337[3447[3 507 
17] 3567]5271353713745 35681;92813983[4048]4109 
| 13] 4169|42294239/4349 4470/45 3945994650147 10 
2250821 l [6971/513151921525 26372] | 
$7220 5373215432154921555 $073,3733579315553 5913ʃ60.1 
1257 59735034609 652746334639464555515 
22 657556350669 467558150 876593659957 95 97716 
23 7176523672997 35717417] [74771753717 5971765717717 
2/2782 78 CP [307881355 195 B25sf83uof | 
2  8375[8439 8499855916619] [5579157395759 85598919 
26 dg de 50409100 91609220 9230193409499/9460 520 
27. _ 9551 3541/9701 976119821] [9851 9941102010061 0121 
280859. 0181 0242/0302 236210422] [0482/05 420602066 207 22 
29 0782084 2/992 219962 1023 1083/1143 120301263 1323 
720% © 1383[1443/1503[15631623] 683743038634 ITY 
31 1984 2044210 2164 2224 2284 234412404 240412524 
2 258412644|2704|276412824] [2554/294413995130965[3125]60 
33 318513245!33051335513425] 348553 54536050366883725 
34. 323558429582 % [4255/4145(42951426514325 
ET! | 4335[4445 45050/456540 25] [4555|4746]4506[4366{4926 CY 
25) 49g86[5046.5106|5 1665 226] 1525615 34615400(5 46615 526 
271 $53656465706]5766|5326] 1585615 94615005(606616 126], 
35] 6185|624653051536516426] 15456 654650616666|67 26 
39] ___6786846/6926]596917026) 170867146172067 2697326 
240) 7386h4467506[7565[7626] [7686177497 8061786617525] 
; py 798504508 10508 16082250 [3285[8345]5405[8465 8525 
42 85858545 8705657688825 15855 894505959 125 
43] 6185624530553 35425 4854986559724 
44] 284% %S ee bee ee eee 
45 860. 038444405 040564624 0634/0744/9803Þo863l0923] 
46] og$3]1043]1103[t 1631223] [1253]1343[1403]1463115 23 
47 158311643]! 722]17621182 18821942 T0062 2122 
48 21821224202 3022362024224 2481 
22. 227845218121 [3051 
[Vum| o li let; lg ts 


. 


e 101000. | N. 72500. L. $60 
(wo [Jij2|3[4115|6178]9 DP 
72501860. 3380 24493500/356c 3620| [365<3739]3799/3859}2919 
gi] 3979149394099 415914219] [4279143354 398[445 [4515 
51 4575453514598[475514517| [1457714937[499715925 715 117 
„ 5776237297356 [547455 365596[555615716 
$a 577615 351589515955jP015] [697519135[P195P254/5314 
rl 535744346445 54614 [57 67336736853 6915 
50 59737˙83709271527212 7277337392742 7571059.8 0 
| 7574[7531176911775 117511] [75707930799 [5050Þ811 
55 81706229 3289 $349}340g! 846966 5295 58 8086488870 
T 87683825 8888/8947 9907] [92679127] 1871224719306 | 
[725 936094269486 95449505| [9665197 25]9785|9545/9905| | 
| 61 9964[0024{0084/0144{2204] [02631032333 3144312503 | 
625561. 0562]622þ0682/074210802| [086110921098 1]1041]1101 
6; 1160[1220þ 2801 3401400 |1459]1519]157g|1639]1699 
6; 1768181801878 1935 1997 2052117 2177 3 
[5] 2350241612476253612595] 6571577583429 0 
| &| 2954014þ0733133}193] 25331363372] 432 3495 
65] 3552354113671[3731]3791] [3850]3910]397014930 405g 
60 44d e328 43880 [4445 450845674627 4687 
bg 4747 400% 48849264935 5$045]91051516515225 $28459.7 
ml 5344(5404(5464's523)5583 5643705762522 586 
1 594 1/609:{6061; 6121/6180 62400030063 59064196479 | 
| 72 6539(6598!655 8,671 16778 6337]6897[6957,7215.7970 
77 713617 19672551731517375] [743417494[75547614/7673 
74] __7733 1337793085279 127972 3031[291[$15 1]$211\82.7 
75 833005390 54498505 $569] [$628{565d 6745808 8867 © 
70 89278987469 100166 52252853459 4049464 
77] 552458 35643970 37762 822882 Ser 
760852. 0 121018 359 54 1gÞ479Þ5 380598\0658 
_7s| 0717777837 5g0Þg56] [1015107 5/1135 [1194/1254 | 
726c 131411372 143 311493 1552 1612 1672 1731 17911551 „ 
81 191019700203 120852 149 |220912265[2328[23% 71244 7: 59.6 [4 
82] 250712566|262612656]2745} [2$.25|2565]2924\2984/3043 
83 3103316332223 2823342] [3495113461 52935898364 | 
84] ___ 36993759135 191357513938] [39971495 7]41 17}4176/4236] 
85 42944355j144151447 34534] [4594/45 3[47131477 214532 
86 4592495150117 05130 7780840 % 5425 
87 548815547]550715565[5726] |5 75615 3451590515 964/59924 
88] 6084(51436203/6262[5322] 638204451560 6620 
89 56806749 0799 58585 18 (69771703717997j7 15617219} __ | 
7299 727511335:739417454[7514] [757317033]7694775 4781 [759.5 
91 7871 79397994 80<c[8 109 [81695 2285[3258}32 4 7/8407 1—5 
92 846785 26,8586086456 7056 876406582488 3189.4 319003 2—12 
93] 9062 (5181Þp241p300 93609419 5479953959859. % —18 
944— 2558 95369595] die [;—24 
951862» 0253 943219491] 0551 610 567072987 : 
90 0848 1027 1086 114661205 ʃt- 2650132301384 — 0 
9 1443 41162211682] 72708 % 8 20% —1 
912229 [2217]2277] 236% 256024555 1512574] [3418 
: of 2634 281228721 293102991 335031103169 —54 
Nam| © 314 l151617 |819 tDltro 


—— 


N. 73000, L 863 


Logarithms 


ͤä„ä—— 


n IIZ ke 
73000863. 3229[3283[3345]345713467] 2526635 8003645 7057644 | 59.5 
O1 38230388 [39420 861 [41 2114189142404 29914359 1—5 
OZ 441514475[45371459714655] [4716]4775]4835j4594[495 4 12 
02 50131527<15132Þ5 19115251} [531cÞ5379215429/545915 545 3—18 
24] __ 560815667157 2711756158457 eee ere a 
05 62025262532 10638 164400 6499065 59 661816678 6737 5—Jo 
oof 679715356159 16]597517034] [7094715 317213/727217332] /E=36 
27] 7391174517510569/7629] 1768517745[78071786717926] [742 
os} 79$5]Þ045[8104[3164/3223] (8283]534215401[3461]55 2 $43 
05 8580086 3906986758 8817 8877892665926 90551 14 — 
7310 91741 23312293]35219411} 19471195 32195991964919708 
11 9768193 271988713946,0025] [00651012410184'024 3[0302 
12 364. 035210421 2451 25400599 06590718 07737 96 
= 0956 1015 1975 11341193 1253 13121371 14311149 
14 15591609] 655117251757] [1846]1g06[1965/2025]2084'___ 
$9 214312203122021]2321j2351] |244c[2500[2559 261512678 $0 
10 2737179612356 2915/2974 30241309313152j321213271 
7 3331[33993449]3509 356} [3627]365713745/3805[3855 
18 39241295214043]4102/4164} 422114250 4339439914458, 59-3 
igf__ 451714577 1635146951475 5] eee eee 
7329, 5$111]5170]5 22915 259'5 345] 154071546715520/555515645 
21 57045 763058235882 594i (60011[5060]6119 617916238 
22] $629719357[5416[5475155 344659465653 6712 
233 © 659:]595c]700gſ7055\7 128] [71871724517 395 
241 __ 7483[154315947661]7721] [778c|7539]7598 
25 B8076136Þ195}825413313] 83734328491 
26 8669197 2$[$785 58478906 8966[902 519984 
27] $g262]932119350{9440/9499] !95 581961519677 
234 g8551991419973[2032{o0g2] 'o15 112100269 
29]365- 0447]-50<[256610625 0684] O74 09210980 
7330 Logofrogghtis 812171277 (1334139511454 
31 16321692175 18101889 192809852047 
32 222522840/2243/2402 24610 252125802639 
25 28172878 293529952054 [3113317213231 
35] __34291345P352713587 3645] [3725/37 $4]3524 
25 4090114900143 20j4179 4235] [4297143 5614418[4475145 34 
35 45931495 214712147 7114339] [4889494805008 
37 518515 244|532415363'5422} 54855405500 
38] 577715939559515955 6014] [6073]5132]519 11625 
29 6369194251548 719545 6596] (6665197 2415783]6842[5g01 
7349] 6961J702017079]7 135|7197] [7256173117375 
gif 755217611176711773917759] [7845[790717956 
42 3$1441520313262]$321j835c}] j8445]54991555 51861 
43] 8735187941385 31991318972] {903 1]g0g0[g 1459205 
_44] . _93271935012445[2524/9563] ,9622Þ65 1197 41ÞpBcchp359 
45] 99:3997712235[2295/01 55} (02141027310332]0391 
461366, 050gſ0565[2627[2637[0746] ,0805[5864{0923Þ0g982Þ104 1 
47 Iioofti6ch2IgH 2751337] {1396[1455HL5 141157: 
48 169111751]181c|t55g 1925] 19872046 210512164 
49 228212342 2401 245902519 2578026372690ʃ275. 
[IKA o [i234 5 67 


0 101000. N. 73500. L. 866 
Num © 7 | $ | 9 [D | Pts 
735c 366. 2873 3287334605405 
Fl 3464 3878 
52 490554114 1468 
51 154 çʃ47⁰5 5059 
54 5236 565015709 
55 5827 6240 
- 6417 6830 
57 7005 7421 
58 7598 8011 
59 81888247 $601 
ec 8778 9191 
61 936819427 9781 
62 99580017 0378 
635567. 0540607 og61 
| 64]__ 213 1551 
"65 1728 2140 
65 231712376 2730 
67 2907 3319 
68 3498 3909 
_ 63]___ 4286/4144 4498 
30 467514734 5087 
71 5264 5677 
7] 5853 5266 
73] 6442 5855 
24 7031 1444 
75 7620 7679 $032 
75] 82098268 3621 
77 8798 9210 
1 83875445504 9799 
2 beg 2 
73801868. 0564 0681 0975 
81 1152 1564 
82 1740 2152 
33] 2329 244602505 2740 
_8q]___ 29172976[3035[3993 3329 
$5 3505 362303681 3917 
40g; 421104265 45054563 
3 468, 479914357 509366 15115215 
$5] $5269 538615445 5680573 
2. 5557 27405032 528886327638 
1350 6444 6562[5621 6856591505973 
91 7032 715017208 7443175021756 
9 76z 773717796 $031]5090j5145[58,7 
93 $207 3325108383 861808577 736 
_94] 5794 351215971 92069264323 
$5] 9282554419499 558 57938529910 
gc 996g o086jc 038004390497 
971369. 2556 067410732 0y6711026{1085 
95 114; 12610319 1554161301672 
99 172C 18481906 214102 20002259 
Nam) © | 2 6t7|8 bs 


N. 74000, L. 509. Logarithms 
Num 0141 jJ2]34,41]| 5 |6 FRE? 9 [D | Prs 


7400869. 2317123761:4351249:Þ25 52] [2612]2665}2728]2757] 284 « 
or] © 2904ſ29630021[398 [3135] [3197]3250:3153373[343: 
02 3491135451360$[35674 3725} 13784[3843[3901]396c}4o1g 
03 4713619502524 (43711479 1488045474 
04] _ 4654147 23147511154 ee eee 
os] $25115399153651542715485] [55445 20315061]: 72015 77315; 
| 06 5337153951595 41991 315072] 13051852485 30515365 
| 07 642319482155 415595 5658] $7171877515834[5892[5g5 1 
08 7010[7065171270718c7244] [7303173611742017479175 37 
og __759617555177131777217830] [738g17945P30-6Þ255[3 12; 
, $192]8241]829518358[3417} [8475185 24]559 21865 T6715 
ago $768]5327j8835[5944[300 3} [306119 120|9175[22 3719296 
ſ 5 9354/412047 P5058 [954 7j9706[2764]9523]9851 
99421999995 71211612174; 19233j02911235e[240910467] 

14/370. 052505 8440643Þ702Þ760] [o8rgj58771293<P994[1053 


TX 7 1r12/11170{122g11287Þ 3460 4041463015 22115801039 
15 159711750 181418739310 [1ygo[2049/2107[2166[2224 

17 2233/23411245002455]25 17] 57½634½ 757/810 
15 2863/2927j129$51[3044[3102] [316113220[3275[3337|3395 58.5 

82321675888 324603805 3855922398 3981 

7420 4035 03914095 4156 421514273 13324390 4449 1507 4566} [58.5 
2  4524/4633[4741]480c14555] 4174975034 599215151 bd 
22 mY 52615327Þ5 385[5445] [5592}556115519]567315736], [2-42 
2; 5/94) 5853 59125970 8020 5087 6146 6204 6263 6321 — 


| 
| 


S 
2 


2 2 eee 67267210 888684 e 144; 
257 8555 702370 105217 140]7 199] 17257, 731617374 7432 749 E 5—29 
26 754% 86567257850 [784217900/795$3017 8576] ==, 
27 871348193825 083 1003368 542713485 $544 8602 868 7= 41 | 
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1711354. 274] Þ+13 17064 — 5.1357 2800 95 

14811 357-156] Þ-1 326297 dio 9. 13666651. 
3911 360.038] þ-1335 509] T0. 5664451 3.1 376051) 50 
51 362 919119-1344792 4 95 9.1385417 9525 
51 345.5 1P. 1473079 PIT; 9.139476 9347 
5211 368.68 5[[9.1 36 302% 2 WI * 732 
731.371.564 13727651 3 * ol 930 
541! 274-4451[9-1381275þ-* 5.142268. 
5511 77.327 %. 139037 225310.96096;0 
56. 380. 208 1 . * pn 9251 
5711383-03g|[9.1408501] 505, * 
5811 385.550.14175 37] 5075 i 
5gj1 358-550 3.1426555 8000 9. 2 7155 
6 (391-731[3-14255 3 99 9.146993 „% 
e, agen 
— Diff : bit 


__ 


— 


10· 9098131 
10.987723 
10-9977 349 
10. 9006980 
10.066645 
10. 9046 333 
10.9036245 
10.505751 
0 9015740 
10. 9005 22 
10.8995 128 
10.984956 
10.897488 
10. 8964683 
10.554780 
10.894400 
10.3934443 
10.8924499] 
10.8914390 
[98904406 
10. 8894438 
19.388 44/2 
10.987 45 69 
10.8 864067 


10.885 4787 
194834492 
10.88 350901 
10.3825 270 
10 oy I 543 2 
10. 5805705 


— 


10.8795957 
10.6786 227 
10.776518 
10.7668 29 
10.757101 
10.37475 14 
19.8725282 
10.871 $697 
19.5709132 
10.859787 
10.8690003 


10 8680558 
10.567 1074 
10.865216 
10.436427 40 
10:5933335 
19. 8623949 
10. 8614583 
19.3905 236 
19.8595 908 
10.35 $6600 
19.3577311 
10.856804 
10.558750 
19.5549558 
10.3542345 
18.8531150 
19.8521975 


L. Tang, 


805 
$1248.07 1159 
31053-59958 
$0860.042]57 
30667. 39476 
30475647775 
$0284-7 90154 


30094 8355 1 


795057567 
79717.555ÞP! 
7953.224450 
79343758 18 
7897 3.39% 2 
7889.49 


77703. ot To 
77525-35635 
17 348-025] 


76645.58 


76300-5333 
76128.657]31 


7 87.179 29 
"5617-567 wa 
5448.69 507 
75280.571 
7511 3.178 
245.514 


74287. 064 
74123.978 
73961-595 
37 99.9017 
73638-91410 
73478.51c|15 
73318.989ʃ14 
7310.47 
3001. 78002 
72844. 18411 
72687. 25 ft 
72530. 98 
7237 5.378 
7 2229.422 7 
72066. 1 I K.. 
71-12.45e] F 
717594437] 4 
716.7. of 3 
71457-3808 2 
73 204.090] 1 
75 153˙59. E 


_ 


IJ. Tan. |5z 


* 


N. Sec. 


VO my IR. _ 


ly 


-» Db 1s 
Cos Ind AD L288 2. 


2282 


32 


38 


10092. 582 


10093385 


10076. 222 


10957. 452 


10075. 99 


1007 5.459 
10076.182 
10076. 545 
10076 909 
. 
107.639 
10978.005 
10978. 372 
1007 $-74 

10079. 109 
10079. 479 
10079 850 
10080. 222 
1008055 
10080. 969 
10081. 343 
10031-7148 
10082,094 
1008 2.471 
10032.$49 
1005 3.228 
1008 3-607 
L098 3.958 
1003 4.370 
l0984.75 2 
l0085.135 
10085.519 
10035. 04 
10086. 290 
1:035,677 
10087. o 
10037. 453 
10087.842 
10088. 232 
10088. 6 23 
10039 O15 
10089. 408 
10939-802 
10099.1 97 


[0991.753 
10092. 182 


[00924953 


10093.789 
10294.192 
' 0094.5 96 
10095. 407 
10095 814 


10057. 041 


10057. 864 


[10998.276 


3.996750; 


2648]! 5519.9967352 
tie 5.5967 156 

15613. 9967040 
156 9.996683 4 
I57 9.9966727 
157.9966570 
158.9956412 
158 — 
if 9. 9960096 
159.9965 937 
9.965775 
159.9965619 


1009 
10.00 34541 160 . 


10,0034701] 57 99651 38 
* p90 161 9.9964977 
PR I61 9.99648 10 
10.0035184J161 

10.0035 34\— 
10,0035 507 
—̃ — 
10. 0035990 163 5.596384 
10.003615 9.956309 


100.0034222 
10.00 34381 


— 8 


l 9,00 36932 
19.0037148 


5 » . 
* — 
2086 


—.— 16755. 962515 
— 107 — 
| £719.9962.185 
punt. 35 168 9 9952017 
,0:0037 eh 9951849 
10. 003815 1689.901581 
10.003831 REES 
— 288 I 9.9561512 
10003 488.65 9961343 
22 7 | 407% 
10. 003882 79.996 100 
10 0038996 l 99608 34 
190.0039166, 596060; 
0.0939 337] -P. 
* 17 119.9960321 
any 172 9.996014 
8 129.995 9977 
10.004902 3] - 995 9804 
— 785.9959631 
— 173 99959458 
10. 404174 9.95592084 
10.9040716 9.9959101 
10.0040889 519.9958936 
apy pps 9958761 
$0.00412390.75 2. 5998986 
10.9941414 759578411 
reocil?Sfh. 9584 
176 —— 
10-·004170 171 9.995805 9 
pos. 177.9957882 
dean 3-9957705 
19,094 2290 17119-99575 28 
10.0042472 


mach 51 L. Sin. 


| 
3925-46209 

925. 10759 
* 58 
9924+ 394157 
9524.039556 
9923.678055 
2223-319. 
9922.558052 
5922.236051 
9921-874 50 
5921.514049 
2211475 
3920 792/47 
520.4166 
792.049 45 
7919.531044 
»919.313143 
9918 244/42 
9913.5 74/41 
9715-20349 
9917 83 | 39 
7917.459538 
917.030 37 
9916.712028 
3916+ 337139 
5915.961384 
9) 15.554(33 
9915.206032 
7914.0 23 31 
7914-449 2 . 
1914.065/25 
55 Pen 
9913.305027 
791 2.523 2c 
9912.5 3915 
9912.155124 
9911.770023 
791 1.384122 
9910.997! 
9910.T21 5 
9505.332 i 
9999-442/17 
799.051 
9908.659115 
9997'$72113 
9997-47812 
9907.033 11 
9506. 687 
9596-290 
9995.892 
1905-493 
9995-994 
99046 gy 
9904 4 
903.571 
903.488 
9503 034 
902.580 


Laren oy 


N. Sin,}$; [ 


8 N. Sin. 


EE 
11 394.512 
| 2113974492 
311400. 372 
1403. 252 
FI 406. 132 
1409.01 
71 411.892 
81414772 
| $1417.65 1 
ro! 429.531 
1114 23-410 
I 211 426.289 
1429.168 
1432.047 
1434926 
1437.85 
711 449-684 
1443-562 


3.14355 53 


9-14445 32 

9-145 3493/8908 
9.-1462435 8923 
91471358 3904 
9.148 26208886 
91489148. 


9.1498015]$849 
9.1506864[8830 
9.ꝗ— 4769408813 
9.1524 07879 
9.1533 301 8775 
9.154 2076 5 
9-15 508 34137 40 
1155957418722 
9.1568 29608704 
9157790012686 


24888374081 


1911 446.440 
2011449. 31 
-111452-197 
21145 5-075 
© 311 457-953 
4j1 460-830 
29/146 3.708 
2711463-453 
2911472. 340 
29147 5.217 
3861478594 


$111480.971 
3211483.348 
3311486.7 24 
34/11489.601 


3©[1495.353 
3711498. 230 
3811501.106 
3911503.981 
27 
41/1509. 7 3 
42.1512.608 
432515 484 
4401 518.379 
41521234 
461524. 10% 
47,1526.984 
43[1529.85% 


49,1532-733 
501535.607 
516538.482 
521541. 356 
$31544-230 
[<2 $47:7098 
55[1549.978 
Coles 851 
5715510727 
7801558.598 
(60J1564-345 


— 


| 


— — 


3511492.477] | 


9. 1603005 8634 
9.161 1639186 | 


9162025418559 
3.162885 3 358 


979110. 


8867 — 


9. 1585688 8668|19-3414314 


L. Sin, Diff. 


10.8528642 
10.8 519738 
19.85 10852 
10. 8501985 
10. 8493136 
10.8484 306 
10.847493 
10. $4666.99 
10. 8452954 
10. 8449166 
10.844425 
10. 8431704 
10 842 3co0 


10. 84056 
10.8 396995 
10.8 388361 
10 8379746 
10 8371 147 


215374348356 

44579 
9.1654544[$53 
9-166 3054851 
9.1671 586 3495 
9.16808 108478 
9. 1688559845 
9.16970 1% — 


-124 
9.1705465 3420 
9.171 3893 8412 


917641128313 
9177242518296 
9.170721 8280 
9. 1789001 $2.64 
2:1797265] — 
9.1805 512 $247 
).td13744 3232 
9. 1821960 821 

9.18 30160 8200 
9.1838 3448184 
) 184651 2 8158 
9.185 4665 8153 
9. 185280208 137 
9. 1870923 08121 
5482909 16 
9.18871 200 
2 48951950975 
9.190 32548059 
5. 191128908045 
9.191932808029 


10.8 362566 
10.831400 


10.83 11441 
10. 8 302979 


10.8 235883 
108227575 
108219279 
10.82 10999 
10.820273 
10.8 194483 
10. 8186256 
to. 8 17809 
10.8 169840 
10.816165 
10.815 3488 
10.8145 335 
10.5 137198 
10.8 129977 
10.8 120971 
10. 8112880 
10.8 104805 
10. 80967406 
10.8088 701 
o. 80 80672 


5.1927 34215014 


2.1935 34117999 10. 8064659 
919433241799 3[10.8056676; 


Diff 


10.807 2658 


L. Sec. 


69411.496 43 
69273-08947 


3 67002.699 
66873.32.2]2.4 


69135239 
68997. 94 240 
68861-195139 
63724-99513 
68589-33837 
68454-22213! 


— 


5$185-597134 
68052 032133 
67919-095132 
67786.632]31 
6765 4-691 
67523.268[29 
67392.36q28 


67261.965ʃ27 


67132. 07 


66745. 446023 
66617. 508 T2 
66490. 184/21 
66363-293120 
66236.890]19 
66110.97 3018 
65985 54017 
6586c.587]16 
65736.112]15 
65512.113]' 4 
65488.58613 
6536.528012 
65242.938|11 
65120.8 12110 
64999.148 
54877. 944 
64757 195 
54517.059 
54397. 66 
64278.7 19 


= es thi x 03O 


64 042.15 
2 © 
N. Sec. 81 


e 


N. Tan. 
1405-498 
1408.374 
411-341 
1414. 308 
1417-275 
1420-243 
[423-211 
1426-179 
1429-147 
vy11432.115 


rale 


1311443. 991 
1446.961 


L 


0 Tan. l 
9.1478025 = 
9. 1487122 
9.1496321/” 
9.150544 
9.151443 
9.1523627 
91532692 
517417395 
9.15 50769 9 
5.552780 ! 
|9-1568773 

9.157774 
N 
9.1595546 
| DOE 
3.162.235 19888 
5.16 0053 U 


34 
35]1599-383 
36]l512, 358 
1517333 
1718. 309% 


42115 33-192 
43 15 36-165 


oi 583.3844 


9.1897939 


9.164891 9/9936 
9.16577 37818 
9.16665 38/5! 
9.167 5322127%4 
9.16$4089[%7* 
9.1692839[2159 
9. 170157277 
9.170289 $717 
«17189393700 
9.17 276721559 
1736339086 
9.174499 


— — — 


7. 175 3622 
9.1762239 
9.1770840 
3 9. 1779425 
3.1787993 
9.1 965 4615553 

9 413536 
9. 180508209 
9.18 1350219920 
9.1822106 
7.183059 
9.18 390080647 
91847525124 
9.1355966 
5. 1864392 
9.1872802 
9.1331196 


3426 
$294 


2.1839575 


11906287 
3.1914621 2310 


1922935 132 


3.19 39521g,09 


5.194784, - 


5.197658 
5.1964 302 3220 


9.19725 cz. 


0 


3.1997 125|__ 


Dift 


— | 


$659 
$634 
$617 
Zbox 
$58 
$568 


$504 
$489 
8473 
3441 


$410 


| 
1 
— 


„ 


10.85 1281 


10.8485 45” 


10. 846730 


10.845826) 
18449231 
o 844022 
10.8431 227 
1.842225 
10.841329 


10.840437 
10.8395431 
ic. 8 3865 27 


10.8 368769 
108 259917 


10.8351 $1 
108342263 
10.82 33462 
10.8 24678 
1.831591 
10.8 307181 


108298428 
10.8289711 
10.828 1011 
10. 8272328 
10.263662 
10.955012 


10 5246378 
10. 8237761 
10 8229160 
10. 8220575 
10.821 2007 
o ·8 203454 
198194918 
0. 8186398 
10.3177894 
0 8169405 
0.816032 
10.8 152475 


10.8 503675 
1084945 5” 


10. 476375 


108377629 


— 


10.813 5608 
10.8 127198 
10.911880 
10.8 110425 
o. 8 102061 


10. 8093713 
10. 8085379 
10.8077 61 
0. 8068759 
o. 806! 
0. 8052198 


0. 804394 
0. 8035698 
10. 8027470 
140.8019257 
10 801 1055 
lo.8co2875 


L. Tan. 


10.8 144034 


| 


| 


FT DEE : 


71003. 8 265 

7085 4.57307 
70705.93 4157 
0557. 90575 
704 10.48 55 
70263. 662 90 
70117.441153 
659971. 80655 

698 26.7816 
6968 2˙33 56e 
695 33-473Þ 

59395-192]48 
£925 2.439147 
69110. 359145 
68968.799145 
588 27.807144 
63687+378143 
58547. S082 
68408. 196141 
68 269.4370 
68 131.2271359 
67993-565]38 
$7856.44<137 
67719.867135 
6758 3.82635 
67448.31958• 
97313-34/53 
67 178.8912 
67044966031 
66911.562]30 


(66778.677]-5 


66646. 3071-8 
26514-44517 
66 38 3.10026 
66252.258125 
661214919 


65992.080]: } 
55 862.7 3512 
5733.89 2ʃ70 
656og 538025 
6547767219 
65 359-2938 
65223.396|'7 
65096. 981ifte 
64971-0435 
54845.581 14 
64720551]! 5 
64596-0792 
64472.017]') 
64348. 4285]'© 
64225. 3010! 
64102.63 
63980 422 
$3858.665 

37.359 
5212725 
3496.09 
3376. 126 
3256.60 
9 3137.515 


Oo — tb wo a | ><} 25 


N, Tan, |$1 


$1 N, Sec. 


L.Sec. 


2 


10998. 276 
11100934688 

10099.103 
$10099.518 
q [0099-934 
FI[0100.351 
6110100769 


7110101.188 
8101.67 
5 ſtoloz.o27 
10110102.448 
I11[9102.87C 
14.0 103.293 


190042472 


10. 0042650 
10. 042828 


10.0043007] 77 


lo 0043185 
1.043365 
2243744 
10.003437 24 


10.004 3905 
10.0044085 


10. 044630 


[2](0103-717 
14] [0104-142 
[5}10104+-568 
lEfiot04 995 
170105Q· 413 
IStotoßg. 851 


2010106. 710 
210107. 14 
22 0107.573 


0108. 440 


25110108.875 
20110109-311 
27110109.747 
28]cot 10.184 
241 10110.622 
10111.061 


310111501 
32 0111.942 
33110112384 
341[0112.827 
35]10113.271 
ze [OIL3.715 
3 tor 14.160 
38101 14.608 
39]10115.053 
4<Jioli5.iol 
4/J10115+950 
10116.400 


43]ro116-851 
4410117-3903 
45][0117-756 
440118. 209 
47110118-663 
45]10119.118 


4211 0119.574 
159410120031 
FI]t0120 489 
F2110129-948 
F3110121.408 
F4110121.$69 


F51[0122.331 
51101224793 
571'0123.256 
5$110123-720 
59j10124-185 
= 0124-651 


—— — —S 
15 0106. 280 


2710108. oo6 


10.0044 266 
IO, 48 


10. 00448 12 
10.004499 
10.0045 178 
10. 0045 361 
10 0045545 
10-0045729 
10.0045 913 
l0.0046098 


10-0047 215 
10. 047403 
10-0047591 
10.0047779 
10.0047967 
10.0048 156 
10.0548 346 
10. oo 485 36 


10. 0048726 


10.004 8916 
19.0049107 
10.00492.98 
10.0049490 
10.004968 2 


10. 0049874 
19.0050067 


9-9957528 


1785.995737 5 
1785.957172 
1 39•9956993 
180996815 
15999956635 
295.7956476 


. 


— 
902.880 6⁰ 
9902.27 5. 
9901.859568 
9901.462056 
9901. 05476 
9900.645055 
9200.236074 


1879.0 8650 
180 9995 6095 
187.5995715 
182199955734, 

9955552 
222 
3.9955188 
9955095 
29954271 


——— 


$3 
183 


186 9.95535 31 


199953159 
9.9952972 
188.555 2785 
g£-9952597 
1888.952409 
95.55 1221 


| 
9396-51414 


— 
—— 


9.595487 
186 2953717 


1865995334 


P. 2212033 
5255971844 
9.995 1654 
3.995 1464 
9.995 1274 
9.995 1084 
9-9950393 
219-9950702 
25.990510 
5.99570 318 
9.9950126 
99949933 


19.92950260 
10.0050454 
10.0050648 
[0-005 094 2 


10-005 1935} 


I0.095IZ1 
10.0051 427 


10 00516231; 


10.0051819 
10.205 2015 
10 0052212 


10 0052805 
10.005 3003 
10.005 3202 
10.005 3401 
10.095 3601 


10.005380. 


9-9949740 


9946599 


194179249546} | 


9-9946399] 9 
9-9945199] [937 


3859.26 53 
19899-41552 
9899.003 7 
9898.5 9015 


9897. 347 
98 96-931 


9892.298[3 
9821 872134 
9391-44513 
9891-01713 
9890.588031 
9890. 158 30 
9889.728029 
9889.297078 
9888 8652 
9488 432026 
9887. 99802 
9887-563 
9887.128/z 
9886.692/2 2 
9886.25 5 2 
9885.8 1720 
9885.378115 
9884.938018 
9884 49801 
(9884-057 16 
9853-615 15 
988 3-172 
9882-725]; 2 
9882. 283 12 
9881.838011 
9881.392 10 
9380. 945 9 
9880 457] 8 
7 
[2 


9880.048 
9873-598 


—— 


581.581 


711 $34-453, 
811587-325\ 
9,1592-197 
10,1593-069. 
11115 95.940, 


11610, 297 
1613-157; 
1616.038, 


1424470 


1627. 529 
839.325 
r 
7 1626.129 
2611639-999 
27,1641-868 
$ 1644-738; 
901647. 600 


1653 345 


1570.091119-195 9247 
1572-963 91967189, 
} a411575.335 5.19771 10 


9.198 3019 


.1290921305 


9.199879 2 
9. 2006658 
9.20 14509 
9.202 2347 
9.2030167 


9.208451 


9.209 2124 
9.2099917 
9. 2107597 
92115253 
9.2122914 
—3⁰¹⁰ 
9.2138176 
92147787 
9.2153284 
92160967 
9.21687 36 


301650.475119-2176092 


9.2193635 
9-2191164 


—— — — — 


10. 804870) 
795410. 9040773 
539 10.80323 14 


109.3001 207 
2725170 
I 


10. 7977055 
7922119 7969833 
= {110.7902026 


10, 7923295 
7721 7915484 
107979 
7570.50 63 
866 10.792403 
710.7884737 
7651 10 78770 
7624110,7861824 
70il10,7854213 
7697110.7846516 
7583 107339033 
755 10.7831464 
7556 19,7823508 
7543110.781636s5 
522 7808836 


o. 78e |6 
61119.861ʃ35 


63924532 


; 


63807. 347 
63690.595 
63574. 276 
5 3458-336 
6 3342-923 
63227.834 


9 
58 
57 
56 
57 
7 


63113.209 
62999.973 
62885.295 
62771-933 
62658. 984 


53 
52 
51 
50 
49 


62434-316 


62211.275 


61012850 
60906. 219 
607 99.964 
50694.085 
505838. 580 


62546-44082 


62322.59414© 


47 


34 
33 
Z2 
31 
30 
2 


6048 3-445 
60 358.305 


28 


1610˙692 
[613-677 
111616.662 
141619.647 
1622 632 
14]1625.617 
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12448. | 


153.949 
154.450 
154-968 


0124-284 
184.840 
185 397) 
185.555 
186.5 14 
187.074 


9126.33 
126.784 
127.246 
127. 709 
128.173 
128.638 


155.479 
155.99 
156,502 
157-OIS 
157-929 
I53-044 


187.634 
188.195 
188.757 
189.320 
189.884 
190.449 


129,509 
130.036 
130.544 
130.973 


158.56 

159.076 
159.593 
160.111 
160. 630 


Lf, hgh, 


0131.915 
132.354 
132.856 
132.329 
133.503 


1 34.278 164-286 


108.12 

108.5557 
108.983 
109-182 


01c7.702'g1 34-754 


135 +220 
135-707 
136.185 
136.564 


Of 109.841 


110.702 
111.134 
111.567 
12. oo 
112.436 
137101124872 
35] 113. 308 
113.745 
114-183 
114.622 
115.06. 
115.502 
115.94? 
116.385 
116.528 
117.272 
481 117.717 


127.144 


110.2710137.624 


138.105 
I 39.070 
139-554 
140.039 


161.671 
162.192 
162.714 
162.237 
163.761 


191.014 
191.580 
192˙147 
192.715 
193-284 
193.853 
01944423 
194-994 
195.566 
196.1 37 
196.713 
197.288 


164 811 
165˙337 
165.864 
166. 392 
165.921 
167.451 
0167.9%1 
168.512 
169.044 
169.577 
170.111 
170.640 


197.863 
198.439 
199.016 
199.594 
200.174 

200. 753 
0201. 333 
201.914 
202.496 
203.079 
203.663 
204. 247 


0140.5 250171182 


141 „011 
141.495 
141.986 
142.475 
142965 


0143-456 
143-947 
144439 
144 932 
145-426 
145.921 

21. 6.417 
146.913 
147-410 
147-908 
148.407 
145.907 

2149-407 
149.995 


I21.7455} 150.410 
122.208] 150.713 
122.602] 151-417 
123.117) 151,92: 


171.718 
172.255 
172.753 
173.332 


173.872 


0174-413 
174.954 
175.496 
176. o 39 
176.583 

177.128 


178.766 
179.314 
179.863 
180.413 
180.963 
181.514 
18 2.066 
182.619 
183.172 


183.728] 218.524 


0177.67 3Þ21 54921 
178.219 


0204.832 
2554418 
206.005 
206.593 
207.182 

207.772 
0203. 36 2 
208.953 


21 1.326 


— 


212.517 
213-114 
213.712 
214-311 

214'910 
O215.F1C 
216111 
216.713 
217.316 
217.920 


7. 9881990 
7. 9900038 
7.991804 
7-9936020 
7.995 3955 
7-9971853 


[7:9939713 


5.00075 27 


8.0025 325 8. 103063508. 1930971 


L. 9 |L-10|[L. ir 


——ů— — 


8.0903 I 66 
$.0919203 


8.09352 108. 184505 108.2667957 . 


8.095 1188 
8.0967 136 
8.098 3055 


$.18162208.2641757|.s 
8.18 30648 8-2654867 C 


8.2694078] 4 
$.2707165 5 


8.1859431 
8.187 37806 
$.1888118 


3.0998944($-1902426]8.27201 19]. 
8. 101480408. 19167 108.2733111 7 


8.274608 


8. oo 30768 · 10346437 8. 1945 20808. 2759035] ? 
$.0060790|3.106221118.195 9421184277 19671'© 
8.007 8468 |8-1077955[8-19730111]8.2734889!! 
8.00961 109-109 3671 


8.01137168.1109358 
8.0131 2878.112501) 
8.0 1488228. 114064) 
8.01663 2181156249 
8.183785 8. 1171823 


8.02012 13-1187 369/8.2072293]8.2874735| 


$.0218607 
8.0235965 
8.025 3289 
80270578 
$.0287833 


$.1202887 
8.1218377 


8.1233840 
8.1249274 


8.126468 108. 21420948. 293834673 
8.0305053|8-1280061|8.2155987[8.295 10125 


1— —— 


81987778$8-2797774]- 
8.2001921|3.2810649]'3 
8.201004 8.28 23704 
8.20301 398.2836 34115 


8. 2044 21 308.2849158 * 
8.2058 26408. 2861956, 


8.2086 2988.288740 
8.210028 168.2900236 


Ld 
—. 


8.211424 108.2912955 
$.2128179]$-2925661 


$.0322239;8.129541318.2169857 $.29636602 
8.0339391ʃ8.13 107 3818.21837051$.2976289/® 
8.13 2603608. 219753 108. 298889977 
8.134130 8.2211334 8. 30014912 
$.1 356551/8.2225 11618. 301 4064/25 


8.035 6508 
$-0373592 
3.0390643 
3.0407659 


8.04 24642 
$.0441592 


8. 0458509 
$.0475393 
$.0492243 


8.1 371768 8.223887 58. 30266195 


8.1 386958 8.225 2613 8303516 31 
8.14021218. 226632 
8.141728 


8.1432368 


8.144742 


8.280023 8. 30641750 


8. 305 16705 


8. 229369508. 30766575. 
$.230734518. 308912230 


$.0509061|3.1462510/8-2 320974 


8.05 2534718-1477541 
$.054259918.14925 46 
$-05593191]8-1507525 
$.0576c0718+-1522478 
8.059266 31]8.1537405 
3.0609285 


8.0625 878 8.1567182 


8.06 58966 
8.0675 4638. 161 1656 8. 24560898. 3225 
8. 069192808. 16264 30 8· 246948508. 3237298457 
$ 070836218. 1641178/$+2482860[8.3 249532] 
3. 072476408. 1655902 8. 249621458. 326174 
8.074 113608. 1670600 8.25095 478.3273947 

3.0757476 8.1685 273 $-25 2286 8. 328612351 
$ 077 3786]. 169992118. 2536195 28. 32582925? 
$.1714545 8.25494 24.3 31043000 


3.079006 


8.08 22531 


8.2334581 
8.2348 167 


8.1 752307 


8.3101 fee 


9.511399 


$.3126406 


33 


8.23617 3218.31 38798/39 
$.2375275|8.3151172# 
$.238$7971$-31635254! 
8.-2402297|8-3175568/42 
8.2417 378.3188189 
8.064 14 388.158 203208. 24292358. 320049 340 
8.15968 58.244267 318. 321277940 


8222144822925 8.332269 
8.174377 

08387188. 175826) $.258911718.3346779Þ* 
3. 08549768. 1772792 8. 26023078. 3358857570 
3.087 100208. 1785 292 8.26 154778. 3 370 1800 
3. 08870998. 1801768. 8.26286 2605.3 382963000 
3 0903166[8-1816220 8. 264175708. 33049 lf 


8.257 5906f8. 333468215) 


— ry 


Sines, and their Logarithms. 


| 


$119 934475 


5.930976 


250.3043 


1799.928921 


L. 80 


4239431 
739.9338975. 92508 235.9161100 
5337 $2019-9249341[9-915 9591 
5119.93 36061]9-9247858[5+-9158082 
5 9933460419 
97.555513 
3.933199019-924 349719-915 3551 
4719.93 3922919.924192219-9152040 
4 9.932977 119-9240437 9150528 
4519-9327 31119 
449-9325 35 119.92. 37466[9.9147504 
430 9324391 
4219.932293Y9-92 34493199144 478 
419.9321469 
405.9320007 
395.9318545. 923003 
389.9317083 


9.9308299 9219601 
9-930683319.921810 

399-9395 36719.92.16617 
2919-930390119.9215124[9.9124763 


2719.9300567 


189.9287743[3-919867 
9186271[9.919718099.9106493 
[:99-9284799 9-919568219.9104973 
1519-928332613-919415319.9103447 
149-928185419-219268aq(9.9101921 
1319.928038c[9-919118419.9100395 
14.927890) 
927743209.5188 184.9097341 
109.9275958 
35.918518 
9-927 30059. 918 36899. 90956 
25.971531 9.91822789 9091227 
9:N27005514-918067519.9089697 
9.92685 7*[4.917917219.9088 167 
9.9267 1015.917669. 9086637 
3. 9265624 . 91761649. 9085 106 
5 926414 „91746609. 908 3575 
.92626675. 91731559. 908 2043 
19.9261 18+ 9917165 0/9.90805 10(9.8987736 


92567499+9167131 
9.925526519-9165624 
9.9253787P· 9164116 
G+92.5 230619+9162609 


«924 637519-91 56572 
9.924489 1 91 55062 


.9238956[9.9149016 
+923597919.9145991 


9739535 


9.9225563 9135: 388 
522402 319.9133871 
9.9222583]9.9132355 
9221092 9.91308 37 
99129319 
9.912780 
9126282 


92¹36329.91232 
9-9212138 3121723 


2419-929656319-920765 619.91 17161 
239-9 29599 41[9.920616 
2219-929 362419.9204665[9 9114116 
2119-929215419.920316919.9112593 
20%. 2906849. 9201672. 91 110709. 9018845 


9115638 


3]9-9200175[9.91095 46 
9.9108022 


9. 91896859. 9098868 


VL. 81 L. 79 | L. 78 | 
619.9349! 5519.92.61 188/9.917 1550 

579.9347706. 2597099. 970104 
780 934625 1.92582299 9168638 9.907445 


9.90805 10 
9.907977 


99075911 
99074377 
9. 9072842 
9.9071307 
9689069771 
9. 9068236 


9.9065 163 


9.906 2087 


949060549 
9.905011 
9.905747 1 
9.9507 5932 
9.9054392 
9.905285 


9.923300 9.9 14296409. 9051310 
9.92315189.91 41450. 9049769 


9.9048227 


9.922834 1.9 13842009. 904668 
379.93 15%. 9227029. 9136904 TY 
29 9314150 
3519.9312692 
349.9311228 
33 
32 
31 
30 


9.9045 142 
9:90435 99 
949042055 
9.90405 11 
9. 9038966 
9.903742 
9.5035 876 
92514335 
9.9032783 
9.9031236 
9.9029689 
9.9028 141 
99026593 
9:9025044 
9-9923495 
9.9021 945 
9.9920395 


9.9017293 
[9.90157 42 
9.9014190 
9.90126 38 
99011085 
949009531 
9.9607977 
9 9006423 


3-913668313.9095813 
9094285 


9.900486 
9.9003313 
9.900758 
9.900020 

2.8998645 
98997088 
9.8995 $36 
9.395397 
9.3992414 
9.899985 5 
9.8989256 


Deg. 8 , %% 8 
N. 81 [N. 80 N. 79|N* 78 f 


8608. 269]$4 35-655 8263.518 8091 91 
8605. 388084 32-782 $260.65 7 8089.05 1159 
8$602.508[342.9-909 $25 7. 7858086. 2005 > 
$599-527($427-035 $254-925|$033. 345157 


5.906669 
9.906 36258 


8556. 747[424˙163 8252.06 105 
3411291 8249. 1978 
8590.98 418.4198246. 3330807 4.28 
8588.108415. 3006 243.46918071-926]5 3 
8585-22$]9412-675;$249.606]8065-072/3 
o502.348 3409. 803 8237.748060. 218071 
8579-409 


$406.931 8234 8798063. 36450 


85591316 8386.8 318214·8408043.3 9183 
3556.438 255 28 97808240. 38 
8553.559838 1.0918 209.1166037. 886% 
$550.681[3 378.2218206. 254034˙8 3440 
8547-363/3375-35 18203. 39 98031-98230 
$544-92513372-491/8200.5 31]8029-130/35 


| 5 
$c42.04713369.611|8197.6698020-275j37 
$5 29.769 3366.741/8194.805[8023-426]36 
$5 36.292 9363.87 18 191.946 020. 57535 
8533-414 $361.001$189.056 $017.724134 
8530.5 2713358-132 8186 226Þ014.87 3133 
9527.660035 5.262818 3.360501 2.02) 
8524.783 3352.39 30180.503 8009.171031 
$521-95613 349.5 24/5 177-045]8006.32113c 


$519.029]8 346-655]$174-785]8003.470/25 
$516.15218343-786 5171.925]8000.620[28 
1513. 2765340. 91808 169.0659. 2700 
8510.399583 38.49 8 166. 205%. S0 
8509.52308335.181 163.39%½% 757 25 
8504-64718 332+313|5160-497|7989.2.20/2, 
3501.77118329.445|3157-628|7$86.371/2 
$498.895]3326.577|51 54-7677983+5 22:22 
8496.019 8323. 7098151. 910% 980467 301 
8493 143]83 20.8410 149·05 10977. 824u 
3490. 2673317. 9738130. 19 20974-97515 
8487.3 9218315 105]9143-334[7972-126|12 
$434.51c13312.239|3140-476 7769.278017 
848 1.6415 309.372 8137.610966. a3 ole 
8478.7866 306. 50515134 760953. 58 5 
947 5.8918 303.6380813 1. 90 290.734 
473.0160 300.77 1129.44 557· 5881 
8470.141297 905|3126-18717955-03917 


9467. 26618295 ,038|912 3-337 952-1911 
$464. 39213 292.17 2]? 120-47 317949-344[1© 
8761.5 1888289. 306117. 6106. 4978 
845.6440 286.4 40114 7594308 
84557700283. 574% 11.9% ½½%9 0 803 
452.896]3285.708[129-04617 337-957] 6 


8450.022[3277.843]3106,19c|;935-11! 5 
$447.148[827 4.97813103.334] 9324205] 4 
3 
1 


- 


8444-275[8272.11 2[100.47*17 929-419] 
8$441.401[8269-248[5997.622]7 5 26+5/ 3 
8438.5 2$18266.38 315094.7 66 723-726 
$335-55519263-5 1$Po91.51c[7920.3- o 


| 
\n 


— — — 
— 
— Zää—ä̈— 


— — 
— — 


S ů — 


— __— d4l·— —— 7 — —— 2A—A2 


— 
— — 


2——— — 


— 


Deg 1211314415: 


able of Natural Veried* 


N. 12 


— In 


219.735 
220.342 
220.959 
221.558 


222-167 


| 


22.1 $.524,0256-3 
h219-1 29 02559 


N 


—— 


5 
257-011 
258.267 
258.924 
253-582 
260.241 


278.45 
299.158 
299.365 
300.57 
201.28 


223.388 
224. 00 
10 224613 
11 225.227 
12] 225.841 
130 226.456 
227.072 
ls 227-689 
160 228. 305 
17] 223-925 
18] 223-544 


+ =. Ga dtD vw DD - 0 


0722. 77,0260.904 


26x 561 
262.22 
262-88 
263-54 
264-211 


205.541 
266.207 
266.874 
257.54 

268.211 


10 0230. 164 
od 239.785 
1 231-407 
22{ 232-230 
23 232.653 
24) 233-277 
2.5102 33-992 
260 234-528 
235.155 
235.783 
236.411 


832 

1b 737.670 

4 238. 301 
238.932 


375241. 47 
380 242-103 
39 242-749 
41 244.01 
44.244.454 


922.49-151 
249.797 
259-443 
2] 251.096 
251.738 
252.387 
925 3-037 
25 3-089 


0268.585 


269.550 
270.221 
270.893 
271.560 
272-240 


0276 580 


— 


| 228.557 
9239-351 


272.915 
273-591 
2741207 
274944 
2.75 6:2 
276-301 


— 


277.660 
273.341 
279.023 
273.700 


A 


251.759 
252.445 
283.132 
283.82 


.284-509}_327:3251 
0285 1980328 06 21937 3-871 


235 338 
256. 57 9 
287.271 
287.964 


290.046 
290.742 
291-439 
292.137 


292-535] 336-239 
293.5 343 36.987 


294.234 
234-935 
295.637 
296.34 


310.561 


314.16 
9314.89 


0319-253 


22.95 
0281 793 23-64; 


297.043 


301.98 

302.659 
303.410 
304-121 
304-833 
305. 54% 


306.975 
307.691 
308. 407 
309.124 
309.04: 


311.281 
312.092 
312.723 
313+445 


315.617 
319.343 
317,009 
317 796 


318.52. 


31983 
320.713 


321-444 
322.176 


32494377 
325.112 
325.348 
326.585 


328.30 


0332.510[9373.613 


333-254 
333-999 
334-745 
335.492 


337-730 
338.484 
339.23 
339.989 


2355-193 


6| 355-045] 
359.918 


369.592' 


2369.157, 


"3.083 


0353-384 


13 |N.14{N. 15 
p 0297.94 3 9349-742 
0297.747034 


1495 
342. 


344 51 
345-273 
346-031 
346.79 
347.550 
348 311 
349-07 3 
349-835 


0264.$76/03906.2609350-598, 


371.362 
35 2.127 
352.892 
353.658 


355+262 
356.7 32 
357-502 
358.273 


L. 12 L. 13 L. 14 
8.394918. 408747 5 4728188. 5 324253) q 
8. 34070028. 40985 56 3:47 33472 $.5333844 
$.341399718-410902418-4743742Þ8.5 343424 2 
8.34 30975 $.412c675 8 475 9901 3.537299 j 
8. 344293618-41 3171 35.7 240.5362551] 
$3454$50($-4142736]5-477948 8.5 372299] « 
$ 3466808[8-415 3746P-4789701]8.5 33163;| 6 


34787 19ʃ8.416474 1.4759 108.5 3911610 
8. 34906 1408.41 5723848 101075. 5400677 
350249208. 41866908. 48 20916. 5410162] 
$3514 354[$-419764 48-48 304045. 541967600 
8.35 262008. 420858 3]8-4840625]8.542916c|11 
.35 38029]$-42195 08[8-485077 38.54 386zz]11 
48609198. 5448096118 

4 3188-487 1024.5 4575484 
8.425 22808.4831• 1408.546698 zl 
(3.426307 28.4891247.5476ʃ 
8.427 3928 8.45013 308. 548584 f 


3 
” 
X- 


+ 3503664; 


361.367 
362.142 
362.9 8 


35 3-695 


23644473 


$.42547705-4911412]8-549525 18 


| 15 1 


8.4295 609 8-4921477]8.55 04654115 
$. 3632081 8.43064 14 84931530 3.551404 20 
$-36437 6518.4 217 219 $:494157 18.55 234250 
5365 54341$-4 3 1.004 $-4951604]8.55 327932 
366708608.4338778 $-4961619]8 5542152]! 
-36757238-43495 39 $:4971625]8.5551500þ4 
3.3590344[8-4 360286 8.498 16195. 5560835 
3.370190 8.437 1020 8.45 1502. 570170 
3713 54008. 438 17405 · 0015735. 5579435 
8.3725114 3.4392447 8.50115 3213-5 588) 
6. 373667 2]8-4403141(3-5021480}8.55 980giþs 
5374821518441 382118-503141©3.560737 


8. 3620380 


369.941 
3794725 
371.519 
372.296 


374-659 
375-445 
376.238 
377 029 
377-821 


379.400 
380. 200 
389.935 
331-791 
382.587 


386279918. 45 1989888. 513014888. 56 99704 
8.387417 48.45 304346. 51399598. 57088 
8.388 553 308.4409578 51497586 571804942 
8.3896 8788.455467. 515468 5727207| 
3.3908 2058.456964. 5 169 3248.5 736350 
8.39195 228.457244808.5 1708 988.5745494 
8.39 3082208.45829298.5 1888445. 75e 0 
8.394210) /8.47933786.5 1985 888.5763741. 
8.395 33779-450 38248. C2083 20[8-5762850| 


8, 29646 3808.46 14257 f. 5 2180428. 5781949] 5 
8. 397587 313-45 24677]Þ.522775 25791039 

398709808. 46 3508513523745 1]8-5$00119]1 
8.2998 310[.4545480ſ8-52471408-5309189] 
3.400950 8.4655 863 3.52568 178.5818 25056; 
8. 402058808. 466623 3]8.5266484ſP. 5827301154 


384.182 
384.931 
385˙781 
380-582 
397-383 


5.52761 355.58 36 33275 
8.404 30058. 468693 5. 52857848. 5845 374156 
3.4054 478.4697 2095.5 2954175.-58 5439557 
8. 4055 27008. 4707875. 5 3050. 586 34005 
3407638008. 47178948.53146528.587 241259 
3.408747 58.4728 1898.532425 368.588 1400 9 


40318 5508 467645108.527613 


34 JEL 


— 


— .. — 


? 


1 


5 — 4 wo. 


L. 76 L. 75 I.. 74 N. 77/ N. 76 N. 25 N. ae 


$38773419.3893291 9.3797 14 2.3699243 7920 833j7759.48 7580.78 241.8100 


9.375322. 36975 7 918.038[77 47-65 335 77.45 4J7409.000 
9.335011 4(9+$793995 8595949] 7915.19317744-S21]75 75.1 37074051 $1 
9.833552 3.37 92236 2.869430!} 7912.348177 41.997 7572.31517493.3%2 57 
2.888653519-27 9959 5.869255 30 7909.503[7739-153þ5 69.49317400-573 WA 
9.3835 341 9.878924819.35 91 024] 17906.55$]7735. 32 7566.5 7117 397+764 53 
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og 256 3.98609. 453477. 471876 9.4799 [9451595 213017. 925[2894.05;/,; 
843.073[2565-053]9.4537375[9.472' 7B [9:47949093|9:45119y 11301 5-547]2592.0: 0, 
9284 5. 1052968. 1219,4340882% 472481 9.475 1054|9.4 62855171391 3.766]R.58g.gc cf, 
92847. 137/970. 1899. 454408 5.47 27841 . 47880959. 460584 3030 1.68 5/2887.g1 
2102849. 17002972. 2509. 34547184. 473086 9.47 830939. 460276 7 3009 604 2885.87; 3 
2285. 204297432809. 1550283 4733889 (. 4782051%.4 59990 3007. 124/2883. 3400 
23285 3.2380 2975.30 95.45 53380, 7 3691 9.477088. 45565 1103005. 445 2881.75. J 
2412855427 - 2979.469]9-4556 +76];.4739931] [9+4776933[9:4593532]300 3-367 2879 7acſj 


52857. 309 290. 341 4422255 9.474297 1 19.477307719 4592451[3001.289|2877.6;7þ5 


*211C\ 


TD WY 


Lv ———— 1 aw = a Too a os i 


1 


Rh awe | Sho is hos at co 3 


5 ·8 59.245. 2592.61 309.4552662. 474595 9.470009. 4587365%/j2599 21105875.65605 
7786 1.38 2 2984.64 5 45657586. 4748985 9.476705 209 45842852997. 134 287 3.814 
28879341 9.2985. 35 92255045 9.475200 [9 476405 2.458 120102995. 0562871. 
29 865.457 2988.83 9.457193 [9.47 5501 . 9 4<7011412992.95212869.53: 

3012867. 456 20. ocꝰ 9. 457 5027.455802 9 4758029 9.457592712950.90712867.45%; 


The End of the Table ot Verſed Sines. Cc. 


14 TABLE of Ditterence of Latitude and Departure to every Degre 
and Quarter-Point of the Compaſs, for the exact Working of i 
Traverſe when the diſtance Run exceeds not (the Radivs) 10000 
| Lat. ep. [Lat. I | Lab. cp. [Lat. I Lep.“ | Lat, 
= 5. 59. D. 2. 5.8.5 (p 47 P 4 0. 2 45 D856. 
1 0.9998,9017s| [0 9954/5-9345| _ [7 9588 0.9451] 12.2596[0.0523] o. v 
2 1-9997j9-0345 $.,$83,0-009d] — 1.9979 9.0881 1.9973 0-1047] 1.99310. 
| 3 2-9955(0-9524] [2:9/820.1947} 312956410: 1474 S[-595910-1570! [2:992710:2093 
4 - 43 9994 0.0696 3997661356, [3.9552 0.1953] + 3.9945,0.2093] [3-990310.2; 
5 4-99$2/9.0573 4.9970 09-1745 14-5940 0.24532 1893 100.2617 JA. 957 fo. 


r 


8 wm 


7. 9918/3140 [59854 


0 6 3.9891 o. 1047 5.99 5319-20941; 5.5928 2 8 | 

f 7 6.998910.1222f [6.9957j9-2443]:; [5-5915j%+343*}  15.9504/0.366g} [6.5825 

8 7.9983/0.1356] [7-995119-2752] , $7-9904/9-3925} 17.9590 4187} [7.9505 

| 9 3.9986,0-1571]} [5-9945/2-3141]__ 5.985210-4416]* |2 $$77/0.4710 978 [9-278 

| 5 1 "i 4 

5: B. 85. b. Pp 37 p43 [2.134 D 5. 5.83. D. B. D52.U. - 

4 — — —  . — WT TRIP $20 1— | — 1 — 1 
| 1,0.9962/0-0872\ [9-995 29-9539] P. ?, ſo. S5. 1219 P. Sg. 132% 2 

| 2,1.9924 0.1743] 3|1+9794/-1560 ceſI.$59010.209'} [1,085 150-2437} f. 805, 27830: 3 

; ( 3,2-9886 0.2515 © |? 9356 0.2940 — [2-5836j©-JLZC 2.9775 O 356 2. $708] 2.4175] 4 
[7 3-9848 0.343 - [3:95070.3921]{z [3+9751]Þ 415+} ;. 9 020-4875 [3.961 19-5557] © 5 
134.910 04358 1. 575 00.495 10G [45726]P-522.6 4.56 27[0.6093| 4.5 1300.5 955 „ 
| 515.9772 0.5225} 515-97 1110.58; | [5-957110.6272] 5.52731] 416.8370 N 
716-9734 0.6101] 6.966 300.6 361 5 5. 56 17% 731} [6 97s $531] [5.9315].9742] 7 y 

807.696 0.6 7215 7.98 1500. 741 3 7.950 9.336%] 7. 40400. 7 500 [7.9221}1.1134] * 9 

| 9.8.8678 0.7944] _. $.956 710.8322] = [3-4 507 2.9200 2 $.932511.0968] [8.91241[1.252t] 5 X 
| Dep. | Lat. | 1 Dep. Lac. | [D.p | Lat | | Tep.l Lat, [Dep | Lat, C. 


- Tab eo Di Tererice ot Latitude: and Dep — 
artur to every Degte 
e, c. 


12 Lar. [Dep.}_|Lat. | Vep.1 E. t (Dep. LL 
E —D48:.0 To” 2 fond 
A PT "b.j_j10-D,130.44.1* [11.175 1722 
1 0.9992 0.1363 0 1736 on , | —— Lg 
1s 1.97% 0.3125 0.3473 1253 A o. 808. 1951 
17.2525 (2:4593 0.5209] 2544 5% 328% la I 787 
1513-9567 "+6257 219.0946 _—_ a I SE 
12 9455 840.782 0 $682 3.9081 9 32] 3.9231] 7804 
d015.93*1 5.9371 9386 1.041 8. 8858 1. oY 214+ 03 *97 54). — 
* 6 9249 2 1.095 eie 7. 847 I. 17 
. — 265 714.3357 216.865 2 
5.033 3 wo 7.35300 32630 [7 4e l. — - 
* 2811. 1.407 4 . . 
1 2 .9026 4 1.5629) 8 8.8346 1.7173] (8.827101. 7558 
12 . £238 LEIxTE TS 
0.9781 9.225 0.2419! . 970.2 . 
4 . 556 o. 0.449 0.48380 1.9401 0.4860 125 59-2598 
| [93440 0.674 7:58] VJ. 9101 0.728 35 317 
1 = -| 92 91.5 g. 89780. 776; 
4 3.9126 0.995 0 9775 3. 8801 C. 971 po 
g 9719 [3 36 3711.0 
J 14-3907 1.124 L. 2095] g 4. 830.2149 N. 82 393 
6 5.8689 5.8462. 3497 1.451508 5+8 202 1.4579|=15 79541, 2 3 
6.54701.4534 6.320801 ·5745 1. 6 0e 7992. 1. co 76 r. 4 
| þ.8252/1-6533] [7-79501-7 999 (+9354] <7-7 021.9438 ela. 227 I 
gf _18.8033|1-5712 8.7693 2.0246 [2-177 4| 8.73032, 18680 mo = 18 
x nate? 2 natal if ,& 7 P. . 4 
F 
TEE - AM 4 A <4, 5 73-D. 1$.D.J72.0.} 19.5.7715. 
981310:2755|, [0.956919-2903 [0.55 £3]0.2924] f. =—— 
2| 11.9225/9.5513] g 19139-52051, — 5847 _ 9780 9.945 0.3236 
3| [2.88380.5269] 2.8708 O. Sog 868 0.87710 [2.85 20.92 [,39100.6511' 
4 Ease! 1 —— :$53210-9271] [.$3660-9767 
3.8450 f. 1025 “3 827801161103. 2.825211.16g95s| |3 804 21.238 | 
8063/1. 378 [4.784 bb. 51 O X 9 3 1 3.7821 1. 302 
b 711-4514 [4.7815[1.46ig} 14:7553[1-5451 6 : 
| [.76761-5538] 215-7415[1:7417; = 8 3451 14-7276 1.627 
SF; 1.7542 570863 1.8541 5.673 11.9 
6.72388 1.92958 6g86/2-0320/,, 6.6941 2.0465 6.5 574.1631 618 2534 2 
. ＋ 2 1.312807 7.65 402 329 7.50840. 4721 — ny : 
. Fl 0 12 „51266505 2. . 4+ 
3 — . 2 3 * 8.5067 6313 $595 2.7312 S 5097 2.9301 9 
5 EEE 5 Ws 
| * 21.0. 59. D. 22. D. 57D 2 P 6 p ö — 
9.3369 J oy Alo. 1 ou. —_ i 
f 
- : 4 2' ,11.5478 0.76 
IE 2-50 7 1.7510 EE. 7515|t- 1236 2 2. 2.77161, 114802 
3-760 5 3556 2 3.7558 3.7343/1-4335] [3.7087|1.498 3.695 8 
7 at? 15s 7191] 4.67% 718 [4.6359] 555 * 61734 U 
A a TW 
5-649 210213, 9.5 3822-0521} [5.601512 1592] 3.5631. 2576 #35 $.5433 — 4 
e 8 
e ee 
1 249925 9193.0615 * 
25 5.4042 2 A 215 3 
e eee eee 
1 5 0.3907 O. 91 35 0.4067 0. 906 0. 226 gh 2 ; p 
_ 0.7815] [1-5270/9-81351 1. $126 0 $452 2 1.859% os . 1 
CEO —= 27001-2202 2.718311 2679, 7 </2,7120[1.2827 F : | 
- 1.5629 3.6542 1.625% 3.6 25211 59 5 13. 2.616 . 
4-6025]1.9537 15575 377 f-z31 f. 1137 Sfr 51991378" 
AY 3444 7.481 312-4404 5 4275 25357, | 2-023? 295 
CA fi C. S7: 6.34.83 S 6.327.529 


| 17-3640 3.1258 


305432539 


7.25053. 3809/5 


e . 2293.58 8.13.83.8035%5 « 6.13555 845 
Dep. Lat. Dep. Lat, | | Dep. Lat. Dep. r it. I Dep. Lac 15 
* / 8 ——— 


| 

10 
! 
I 
j 


| < wow | 0. a lu 


—— — — 


—_ * „* 


—_—_— tt. 


os cow } owe ln | 


Ihle of Difference of Latitude and Departure to 9 y Degree &c 


= | 


| $a + hos wo 


1 
1 cow 


| |o owl ome jw | 


© cowſawus ly | 


4.2886,2.5705 


0.7 880 0.6157 
1.5760l. 2313 
2.3640 1.8470 


3.4 — 2 g 


7 
«[F-14643-934J 2[5.1430/3:2992 


4.0958 


3.2 e fo 
42145 


1.8679 
— 


3 1520/2.462 


6414-4457 4457140294 


26.927646. 37 


55 3204. 5886 ; 


3-3578|% 
9867 4.7005 


Dep. Lat. 


e 1622 _ 


53P3 


0.3319 5516 
1.76 380.9428 


Dep BL Lat. | Dep. 
L = 61.D 
15 ITO 


2 be 7 492. 0-969 
2.6458] 1 257 1 


oor I. 1.4544 
26.50% 39 1.9 39 
0 4373. 4240 

2 86.2427 's. 24772. 2.9089 


8090 58 8} . b. 
„Eis 


1.6180 * 


447138 
4-35 4113-52 


6.184106 771 
8.2252 


Iz 26855 
Jt 1 · 3640 
1 1.1941 2 0460 
2,925 412-7280 
3-655+13-4100 
4.338$114-0920 


9119 5.77 
5.8508 Z 
6.5 822[5-138 


2 
3 


+ 
A 


5 — — 3 62 


42774. 


* 


The E 


1.8284 28254 
14. 35513-5355 
| 2424.2426| 


6 6496 2640 
— 


OE 


Dep, Lat 


n 


043 : 
„5 
SOME USES 

Of the Preceding 


TABLES. 


CHAP. 1, 
Of Decimal Fractions, 


HE Table of Logarithms being of general Uſe in all 
parts of the Mathematicks, cannot well be apply d with- 
cout ſome Knowledge of Decimal Fractions; which, of 
NS) a Fractions, are moſt Natural, whole Numbers being 
nothing elle in effect: So that Arithmerick in whole Numbers being 
underſtood, the Uſe of Decimal Fractions is very eaſily learnt. 


I. That the Nature of a Decimal Fraction may be conceived; 
imagine a Foot Rule (or any other Meaſure) to be divided into 
10 equal parts, each diviſion will be =] then imagine every of 
thoſe Tenths to be divided into 10 equal parts, then the Foot 
Cor other meaſure ) will be divided into 100 equal parts, 
every firſt Diviſion will be , or +:-; and every ſecond Diviſion, 
in reſpe& to the whole, will be ; ſo that it 3 tenths and a 
half were to be expreſt, it's T. By this means, an Hour, a 
Fathom, a Pound, a Shilling, c. may be divided into 10, 100, 
1000, 100009, Cc. equal parts, at pleaſure, | 

II. A Decimal Fraction hath always for its Denominatot an 
Unite with Cyphers, viz. 10, 100, 1000, £0000, Cc. and ſeeing 
the uſe of a Denominator in a Fraction is to ſhew into how 
many parts an Unite is divided, it may be quite omitted, and 

t known by this Rule, viz. the Denominator of a Decimal 

raction is an Unite, with ſo many Cyphers as there are places in 
the Numerator, and is known irom whole Numbers by a point 

refixed, thus: .2is „ .34 is . 567 is,. ,oo89 is „ Cc 
Obſerve the ſame of mixt Numbers; for 678.9 is 67 , 67.89 

Is 67-501 6.789 is 67:55, Cc. 
Qq III. Cypher 
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2 Of Decimal Frattions 

IIL Cyphers at the right hand of a Decimal Fraftion alter 
not the Value; for -5 is 18, . 30 is 553 .50000 is 18888, and each 
of them is one halt. | | ; 

IV. Therefore Decimal Fractions are eaſily reduced to a 
common Denominator, by making all their Numerators to con- 
fiſt of the ſame Number of places; ſo -3 .45 .067 .0089, may be 
writ thus .3000 .4500 0670. 989; all which conſiſting of tour 
places, their common Denominator is an Unite, and four Cyphers, 
vix · 10000 

V. Addition and Subtraction are the lame as in whole Num- 
bers, the places of the ſame Denomination being ſer one under 
another, it will be a good Guide to place Point under Point. 
See three Examples of each. | 


Lddition- 1 x Subtraction. 77 
E 1 1.5 121.5 | 9.75 . 6.5 89 at 
4 625 45.5605 | 8.5 3.75 73-497 
e 
2882. 24.220 1.25 | 2:75 | 19.503} 


VI, In Multiplication, work as in whole Numbers, and from 
the Product ſeparate with a point ſo many places to the right 
hand as there are deeimal places both in the Multiplicand and 
Multiplier, then all the places upon the left hand of the point 
are Sheds Numbers, and on the right a decimal Fraction, 

VII. If there be not ſo many places in the Product, as ought 
to be ſeparated by the preceding Rule, then place Cyphers at 
the left to compleat the Number, as may be ſeen in the Sixth 
and Seventh Examples, 


Ex x) 4565 | E) 25-6 "45.9 [Ex6) 456 
213 21.3 LIE! +213 
| x368 e 1. 28 2228 92128 | 
456 855 ] 456 |Ex.5) 4 [Ex7) 0456 
.213 


EE 


We - . 2-13 1 
22 22.128 2128 097128 


VIII. Ia Diviſion, work as in whole Numbers, and from the 
Quotient ſeparate with a point ſo many places to the right band 

Cor a decimal Fraction) as there are decimal Places in the Di- 
-  *vidend more than in the Diviſor ; for there muſt be ſo many 


1 in the Divifor and Quotient, as are in the Di- 
e | 
IX, Another 


Of Decimal Factions. 3 
IX. Another method of finding the Value of the Quotient before 

the Diviſion begin, viz. Set the Diviſor under the Dividend, then 

will che Unit's place in the Diviſor ſtand under ſuch a place in 

the Diyidend, as is at the ſame diſtance from Unity with the firſt 

ſignificant Figures of the Quotient, as in the 

Examples firſt and laſt : Firft, Here 5, the 234890.00 ( 347,98 

Unic's place in the Diviſor, ſtands under s ©75 

the third Figure above Unity in the Dividend ; denoting, that 3, 

the firſt Figure of the Quotient, is of the ſame Value, and that 

here — _ 2 and — Decimals in the Quote: In 

the „ the Cyp preceding 6 in 

the Diviſor, which is the place of Unity, Nn 

reſts under 2 in the Dividend; ſhewing, 29 | 

that 3 in the Quotient ſhall be of the ſame value, vi · two places 

below Unity, 

X, Therefore, if the Diviſor be a whole Number, the Quo- 
tient will have the ſame number of decimal places as the Divi- 
dend, as Ex. 1. If the Dividend conſiſts of fix decimal places, and 
the Diviſor but of two, there will be four decimal places in the 
Quotient, as Ex. 3 | 
XI. If there be more decimal places in the Dividend, than 
are in the Diviſor and Quotient, place Cyphers at the left hand 
of the Quotient, to compleat the Number. See the 5th Example, 
where one Cypher 1s prefixed. 

XII. Annex what number of Cyphers you pleaſe to the right 
hand of the Dividend, putting a 
point where the Fraction begins. Diviſor. Dividend. Quotient. 
(ke Rule 3.) But if the Dividend 675) 234890.00 347.98 
be [made to have three decimal 67.5) 2348. 9000 ( 34-798 
places more than in the Diviſor, 6,75) 23.489000 ( 3.4798 
there will be three decimal places .675) ;23489000 (34798 
in the 15 which. in moſt . 675) 023489000 (634798 
caſes is ſufficient, exccept it is to 
be multiply'd afterwards. f 

XIII. Vulgar Fractions are reduced to Decimals of the ſame 
value, by dividing the Numerator by the Denominator. 

Example, What is the Decimal of 9 d? (viz. 245 of f Ii.) 
ſee the Work 240) 9.0000 (.0375 5% 

Decimals being well underſtood, will make the following Uſgs 
of Logarithms very eaſy. 


— — oma —L—[— — — 


4 A Number being given, to find its Logarithm, 
C HAP. II. | 
Of finding the Logarithm to any Number, er the Number to 
any Logarithm, explain'd in the following Propoſitions, 
I. To find the Logarithm cf a hole Number, under 1900. 


N the four firſt Pages of the Table, are placed all abſolute 
I Numbers from x to 999, in their natural Order, and 


againſt every Number its Logarithm ; ſo the Log. of 43 is 


1.63 34685. 

Note: The Index, or Characteriſtick of the Logarithm of every 
Number, from 100 to 999 being 2, it is placed over each Column 
of Logarithms, and are to be — to every Logarithm in the 
ſame Column; ſo the Log. of 430 is 2.6334685, and the Log 
of 999 is 2.9995655, ſo of the reſt. | 


II. To find the Logarithm of any Number, that conſiſts of four Place. 


Find the Number propounded in the firſt Column (of the Tx 
N Log ble) intituled Num againſt which in the 

prays Soo ſecond Column ( ſigned at the Head o) is 
1000 Þ 3.00000 found the Log. fought, when 3 (the proper 
1004 15 5 hg Index of all abſolute Numbers conſiſting of 
995 915 3.9982 oy four places) is prefix d; as may be ſeen in 
9999 39999500 the adjoining Examples. 


III. To find the Logarithm of any Number, that confifts of five place 


Find the four firſt Figures of the Number given by the laſ 
Prop. and againſt it in the next Column are the three firſt Fi 
gures of the Log. ſought, which note in your Paper; then (ce 
the laſt Figure of the Number given amongſt the Figures at the 
head of the Table, and in the common mecting ot theſe two 
lines, are the four laſt Figures of the Log. ſought, which mult 
be annexed to the three before found, (before which a proper 
Index being prefix q) is che Log. ſought. Example, 54237 being 
given, I find 5423 (the four brit Figures) in the firſt Column, 
againſt which in the next Column the three common Figures 
are 734 ; and the laſt Figure of the Number given, wiz. 7 1 find 
at the Head of the Table, under which and againſt 5423, arc 
theſe four Figures, wiz. 2957 which being join'd to the three 
Figures before found, viz 734, it will ſtand thus 7342957 ; before 
which the proper Index being plac'd, the Log- of 54237 is found 
to be 4.7342957. ; 

Note, That when the four laſt Figures of the Logarithm begin 
with a Cypher, then prefix to them the three common Figures 
(in the ſecond Column) that follow in the next line belo's, 
thus.: For the Logarichm of 54453, inſtcad of the three Ne 

8 . igures 


Sum of the IIId, I'Vth, and c 40 80 ; 


Number being given, to find its Logarithn, 3 
Figures above, viz. 735. take the three common Figures in the 
line below, viz. 736 ; ſo the Log. of 54453, is not 4.73 50218, 
but 4.7360218. Tre ſame is to be obſerved in all that follow 
in the ſame line. | | 
IV. To find the Logarithm of a Number, confiſting of fix Places. 
Find the Log. of the five firſt Figures by the Jaſt Prop, and 
note the common Difference in the laſt Column, but one, then 
look that Difference in the laſt Column, ſigned at the head 
Pts and at bottom Pro, (which ſtands for Parts Proportional.) 
Againſt the ſixth Figure of the Number given, is a Number, 
which being added to the Log. of the five places before found, 
is the Log. ſought, when the proper Index. viz. 5, is prefix d. 
Example, 542375 being given, the Log of 54237. is found (by 
the laſt Prop-) to be 7342957, and the common Difference is 
go, and in the laſt Column againſt 5 the laſt Figure, I find 40 
which being added, to 7342957, makes 5.7342997, Which is the 


Log of 542375, which was ſought. 
Note, That the Proportional Part may be found (without the 


Table of Parts Proportional in the laſt Column) thus: Multiply 
80, the common Difference, by the ſixth place, (which in this 
Example is 5) then divide it by 10, wil! give 40, as before. — 
this Propottion is made the Table, intituled Pts. Pro. in the 
Column. 
V. To find the Logarithm of « Number conſiſting of ſeven places. 
Find the firſt five places by Prop. III. and & the ſixth place 
by the laſt; and tor the ſeventh place, divide the Part Pro- 
portional by 10, (that is, ſet it ore place farther to the right 
hand, than the laſt Figure of the Logarithm reaches) —— 
then add it to the Logarithm of the ſix places before 
found, their Sum is the Logarithm ſought ; the Lo- 
gatithm of 5423758 is found to | 
be 6.7343003 N See the Mar. Num. Logarithm. | 
gin, where 1s repreſented the 54237 4-73 42957Diff 


this Vch Prop. 

Nite, That the Part Prqpor 1 ZL 171342227 
tional may be found (without 54237 47342957 
the Table in the laſt Column ) 3 qe 
for the two laſt places, by mul. * 6.4 1957 
tiplying them by the common 3423758 67343003 
Difference, and then dividing the 
Product by 100; ſo in the laſt Example, 80 multiply d by the 
wo laſt, Figures, viz, 58, produces 4640, then divided by 100 
Quotes 46.4, as before. — 


6 AA Number being given, to find its Logarithm. 


VI. A Fraction being given, to find its Logarithm, ſub- 
tract the Logarithm. of the Denominator from the Log. of the 
Numerator, the Remainder is the Log. ſought, and is always the 
Logarithm of a Decimal Fraction. 

Note, That the eaſieſt and moſt uſeful way to find the Loga- 
rithm of a Fraction, is this; ſuppoſe the Index of the Log} of all 
Numbers from y to 10 to be 10 or 100, from 10 to 100 to be 11 
or 101 from 100 to 1000 to be 12, or 102, trom 1000 to 10000 
to be 13 or 103, and ſo upwards. This being allowed the Index 
of the Log. ofa Number, one place below Unity, muſt be 9 or 
99, if two places below Unity, it muſt be 8 or 98, if three places, 
then the Index muſt be 7 or 97, if four places then 6 or 96, the 
latter of theſe ways is often convenient to diſtinguiſh che Index 
of a whole Number, from that of a decimal Fraction, and of- 
ten neceſſary when the Power or Root of a decimal Fraction is 
required, as in the next Chapter. 

Example, The Log. of J is found thus: 3 Tag. 6.477121; 
From which ſubtract the Denominator, vix. 4 Log 0.6020600 
The Remainder is the Log. of 75 Log, -9.8750613 

Note, That the Denominator of a proper Fraction is always 

ater than its Numerator ; ſo the ſuppoſing the Index of the 
Foe: of 3 tobe 10 or 100, the Index of the Remainder will be 
9 or 99 (that is one place below Unity) and the reſt of the 
i except the Index, is found in the Table of Logarithms to 
anſwer to 75, 750, 7500, . 0075, -075, -75, or any other Number, 
whoſe two ſignificant Figures are 75, and thoſe which follow or 
precede all Cyphers. It was the former of theſe ways, Mr. Briggs 
and Mt. Gunter made the Characteriſticks of their Tables ot Loga- 
rithmetick Sines and Tangents ; where it may be noted, when the 
Natural Sine or Tangent is a decimal Fraction only, the Index is 
under 10; but where it is a mixt Number, there the Index-is 10 
or more. For Example: The Natural Tangent of 5 Degrees is 
.o874887, the Artificial is 8.9419518; and the Natural Tangent 
of 85 Degrees is 11.430052, the Artificial is 11.05 8048 2. It is 
needleſs to uſe theſe new Indices, except ſome Term given or 
ſought be leſs than an Unite, 

j VII. To find the Logarithm of a mixt Number. 

Reduce the Number given into an improper Fra&ion, then 
ſubtract the Logarithm of the Denominator from the Log. of 
the Numerator, the Remainder is the Logarithm ſought. 

Example, Let 45, be the mixt Number given; this, reduced 
to an. improper Fraction, is +7 
The Logarithm of the Numerator, viz, 57, is 1.758748 
The Logarithm of the Denominator, viz. 12, is 1.0791812 


The Logarithm of 4,2, equal to 44x, whoſe Log. is "0.6766936 
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A Logarithm being given, to find the Correſponding Number, 7 


If the Fraction annex d be a Decimal, ſeek tor it as if it was a 
whole Number, obſerving to prefix to its Logarithm a ſuitable 
Index, which always is an Unite leſs than the number of places 
in the whole Number, to which is belongs; which is fur- 
ther illuſtrated by the adjoining Table, 


where the Logarithms, except the In- Num. | Logarithm. 
dex, are the ſame in theſe Eight Exam- 47500 4.6766936 
ples : The Index of the Log of 47500 4750 3.6766936 
is 4, becauſe the abſolute Number con- 475 2.6766936 
fits of 5 places: For the ſame Reaſon, 47.5 1.6766936 
in 475, the Index of its Log. is az in 4.75 0.6766936 
47.5; it is 1 ; but the Index ofa proper 47599 or 9.6766936 
decimal Fraction is ſo many Units, as .0475|98 or8.6766936 


the Cyphers before it wants of 9 or 99, 004751 97 or 7.6766936 
ſo the Index of .0475 8 or 98, and | | 
of 00475 is 7 or 97. 4 


VII. To find the Number that anſwers to any given Lagarithm 


Find the three firſt Figures (except the Index) of the Log. 
given in the ſecond Column, and the four laſt in the ſame, or 
in ſome of the nine following; where, if you find it exactly, you 
have your defire ; when ſo many places at the right hand of the 
Number ſought, are prick d off for a decimal Fraction, as will 
kave the whole Number more by one place, than there are Units 
inthe Index of the Log. given. 0 2 u 

Example, The Number anſwering to this viz. 2.734295. 
being ſought, I look in the ſecond Column for 734, (the three 
firſt Figures) and having found them, I look for the four laſt 
among the ten Columns at the right hand, and find under the 
Figure of 7, is 2957 ſo J conclude, 34237 is the Number ſought, 
(whoſe Log. without its Index, is 7342957) but then I conſider, 
that the Index of th: Log. given is 2, therefore the three places 
at the left is a whole Number, and the two laſt a decimal Fra- 
Rion, viz. 542.37 3 if the Index had been 3, it would have been 
5423-7. if the Index had been 4, then the abſolute Number 


ſought had been 54237; if the Index had been .9 or 99 


the Number ſought had been. 54237. You may ſee, in all theſe 
Examples; the Log.. is the ſame, except the Index: I am the 
more explicit in this, both here and before, becauſe the Uſe of 
Logarithms is very much obſcured, if it be not underſtood : 
Which makes Sir Jonat Moor ſay, in his Arithmetick, That the 
Canon of Logarithms is in every Max's hand, but their perfelt uſe in 
decimal Fraftions known but to few, © | 1 


the Remainder, againſt which is a fixth Figure to be placed at 


' 


TENETS. Logarithmical Arithmeticks 


IX. If the Loparithm given be not found exactly in the 
Table, take the neareſt that is leſs, and ſubtract it from the 
Log. ſought, whar remains look for in the Parts Proportional 
{ot its common Difference} tor the neareſt Number leſs: than 


the right hand of che five Figures before found: and in caſe the 
Part Proportional be not found exactly, ſubtraR it from the fir) 
Remainder, then place a Cypher at the right hand of the 
laſt Remainder (in the manner of a decimal Fraction;) laſt of 
all, againſt the neareſt Part Proportional (either bigger orlek) 
is a ſeventh Figure ro be placed at the right hand of the (6 
Figures before found. | 

Example, Let the Logarithm given be ——— | 6.734300; 
The nꝛateſt leſs is the Logarithm of $4237 7342957 
The Remainder (and common Diff. is 80) 46 
The neareſt leſs, in the Parts Pro. gi'es 5 | 4o 


— 


The ſecond Remainder is 06.9 
The neareſt in the ſame Parts Pro. pives 8 2 
Anſw. 6.724300; is the Logarithm of 5423758 

Note, That without the Table of Parts Proportional, the 
Number anſwering to = Logarithm, not exccedivy 9.999 999, 
may be thus found, viz. Find (by the foregoing Directions) the 
nearcl Log that is leſs, and ſubtract it from the Log given; 
then annex two Cyphers to the right hand of the Remaiader, 
and divide it by the common Difference, the Quotient gives two 
Figures to be placed on the right hand of the Number anſwering 
to the firſt found Logarithm. 


0 
1 — 8 — — 
— 


CHAP. III. Of Logarithmical Arithmetick 


I. F Multiplication, add the | II. In Div ion, ſubtract the Log 
1 Log. of the Multiplicand | of the Diviſor from the Log. 0 
and multiplier together, their | the Dividend, the Remainder i 

Sum is the Log. of the Product the Log. of the Quotient. 
Ex. Mul. 8.5 Log. o. 9294189 Exam. 9712.8 Log. 3987340 
by 10 Log. 1.0co0000 | Divid. by 456 Log. 2.658964 


Product 85 Log. 19294189 | Quotient 21.3 Log. 1.328379 


III. In the Rule of Three, add the Log. of the ſecond and third 
Term together, and from their Sum ſubtract the Log. of the fi, 
the Remainder is the Log of the fourth. Example, II Four Elf 
coſt 9 l. what will Twelve Ells coſt ? Anſw. 27 l. 1 
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The Log. of !4 o0.6020600 Note, That if the Arith. Com. of 
The Log. of 9 0.9542425 the Log. of the firſt Term (which 
The Log, of 12 1.0791813 =—_ * is 93979400) be 
The Log. of 108 2.0334237_ ed to the Log. of the ſecond 
The Log. of 27 1.4313637 — 22 The Reſult will be tne 
IV. To find the Complement Arithmetical of a Logarithm. 
Begin at the left Hand, and take the Complement of each Fi- 
gure to 9, only under the laſt take its Complement to 10, which 
is all one with ſubtracting the ſame Logarithm from 10.0000000. 
If there be two or more Logarithms 
to be ſubtracted, take their Arich. 8.0000000 Co. Ar. 100 
Complements. Thus the Double Rule 7.437707: Co. Ar: 365 
of Three, inLogarithms, may be wrought 0.7781512 Lag. f 6 
by one Addition. Exam. If the Intereſt 3.7137425 Log. of 5173 
Jiootfor 365 Days, is 6). what is the 2.5065050 Log. of 321 


- W Intereſt of 3 1731. for 3 21, Au. 272.964. l? 12.436 1058 = 272. 964). 
See che Work, 
a Of Raſing of Powers by Logarithms. 
V. Multiply the Log. of the Number given by the Index of the 
a 2 _ 8 will de the Log. of the Power 
b ought, lo the Log. 32=1.5051500X3=4.5154500 the Log. 
| of 2 which is the Cube of 32. an ha 
| VI, In the Multiplication, or Raſing the Powers, viz. Squaring 
ot Cubing, c. of any Decimal Fraction by Logarithms, the In- 
dex of the Logarithm of the Product or Power muſt conſiſt of ſo 
many Units, as the Number of Cyphers intercepted between the 
lace of Unity, and the firſt ſignificant Figure in the Natural 
— wants of 9, 99, 999, Cc. only to the Index of the Lo- 
garithm of the Power, (i. e. the Square or Cube, Cc) there will 
be ſuch a Figure prefix d, as wants an Unit of the Index of that 
Power or Number by which the Logarithm was multiply'd ; for 
Example, let the Cube of. oog be required, the Log of oog is 
7.95 42425X3 =23.8627275=.000000729 the Cube of, oog and the 
Index of the Logarithm of the Power or Product is 3, therefore 
Six Cyphers muſt precede the firſt ſignificant Figure of the Na- 
tural Number; and 2 is prefix d, ſince the Index or Number 
multiplying was 3. But when the Number of Cyphers preced- 
ing the ſignificant Figures of the Power or Product, exceeds 10, 
tis neceſſary to admit another Figure into the Index of the Lo- 
gatithm, and make it the Complement to a Hundred: As ſup- 
poſe the ſixth Power, or the Cubo-Cube of the Sine of odeg. min. 
be required, its Logarithm in the Tables is 6.463726 1] but in this 
Caſe muſt be 96.463 7261, v_ multiply'd by 6, the Index of 
| r the 
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the Power propos d, becomes 578.7823566, whoſe Index being 78 
ſubtracted from 99, leaves 21 for the Number of Cyphers that 
muſt precede the firſt Figure of the Natural Number or Power, 
which is .co000000000000091000006058383, Here the Figure pre- 
ceding the Index, as the reſult of the Multiplication, is 5, leſs by 
an Unit than the Number mulciplying, being 6, the Index of the 
Power. | 

VII. This ſuggeſts a certain Rule for Extracting the Roots of 
Fractions by the Logarithms : viz. Prefix a Figure to the Index of 
the Logarithm of the Number, whoſe Root is to be extracted, leſs 
by an Unit than the Index proper to the Root requir'd, which is 
to be the Diviſor; then divide the whole Logarithm, together 
- with its Index and Number ipretix'd, by that Index, the Quotient 
is the Logarithm of the Root deſired. 

Ex. Gr. If the Cubo-cube Root, or Root of the ſixth Power of 
,000000000000000000000605 8383, whoſe Log. is 78.78 23566, be 
demanded, prefix 6—1 i. e. 5 to its Index, it is then}578.7823566, 
which being divided by 6, the Index proper to the Root 
ſoughr, the Quotient is 96.4637261, whoſe Natural Number is 
0002908882, three Cyphers preceding the firſt Figure, becauſe 
the Index 96 wants ſo much of 99. But when the Root of an 
Abſolute Number is required, there need no Figure be prefix'd to 
the Index of its Logarithm ; ſince it is always ſuppos'd that the 
Index of the Power (which muſt be the Diviſor) precedes it. Ex. 
Gr, If the Cube-Root of 675 1269, whoſe Logarithm is 6.82993854, 
be required, tis an indifferent thing, whether 3, the Index of the 
Root to be extracted, be prefix'd or not, ſince that alters nothing: 
For 3) 3682993854 (Quotes 12.2764618, the Logarithm of 
189, the Cube Root ſought: 

VIII. Another Method to Raiſe any Power of a Decimal Fraftion, 
Multiply the Arith. Comp. of the Log. of the Fraction given by 
the Index of _ 3 required, the 
Arith. Com. of the Product is the Log. 0032 Log. 7:51 

; oo 7.505 1500 
of the Power ſought; For Inſtance, the 41 Comp. 2.4948500 


.625 Power of .0032 1s found in theMar- or 

gin to be 0275879. multiply d by _ 625 
Note, That ſo many Cyphers muſt 124742500 

precede the Fraction, as the Index of 49897009 


its Logarithm wants Units of 9 or 99. 149691000 
(as in Page 6 and 7) which in this Produt 1.559281 2500 
Example is one, and in the next x5, ts Ar. Co. 8.4407187500 
being always the ſame Number with the Log. of .0275879 
the Index of the Product. 


; Again; 
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Again, Let the 6.25 Power of .0032 be ſought, the Log. of 
,0032 (as before) is 7.505 15 oo, and its Arith. Comp. 2.4948 500 
KG. 25 215.5928125, its Arith, Comp. is 84.407 1875, which an- 
78 to .00000,00000,00000,25538, which is the 6.25 Power 
of . oo3 2 

N To extract any Root of a Decimal Fradtion, divide the 
Arith. Complement of the Logarithm of the Fraction given by the 
Index of the Root required, the Arith. Comp. of the Quotient 
is the Log. of the Root ſought ; For Inſtance, let the .625 Root 
of .0275879 be required, its Log. is 8.4407188, and its Arith. 
Comp.=1.5592812, divided by .625, the Quotient is 2.4948500, 
and its Arith. Comp. is 7.5051500, the Log. of .0932, which is 
the Root required. 

Again, Let the 6.25 Root of ooooo, ooooo, oooo0, 25538 
be required, its Logarithm is 84.407 1875, and its Arith. Comp. 
15.5928125, divided by 6.25, the Quotient is 2.4948500, and 
its Arith. Comp. 7.50 5 150 the Log. of .0032, the Root re- 

uired. | 
; X. To find as many Mean Proportionals as are deſired between 
any two Numbers given, ſubtract the Log. of the leaſt Term 
from the Log. of the greateſt, and divide the Remainder by a 
Number more by one than the Number of Means deſired, then 
add the Quotient to the Log. of the leaſt Term (or ſubtract it 
from the Log. of the greateſt) continually, and it will give the 
Logarithms of all the Mean Proportionals required. Example, 
Let Three Mean Proportionals be ſought, between 106 and 
100, 


The Log. of 106 2.0253059 
The Log. of 190 2.0000000 
Divided by 4)0.0253059(0.0063 264.75 the Log. Quotient (1) 

The Log. of the leaſt term 100 2.0000000 (2) 

The firſt Mean, 101.4673846 2.0063264.75 (3)=1+2 

The ſecond, viz. 102.9563014 2.0126529:5 (4)}=I+3 

The third, viz. 104.4670483 2.0189794-25 (5)=1+4 

The greateſt Term 106. 2.0253059 (6)=1+ 5 


If of 11 Mean Proportionals, between 106 and 100, the gth 
Mean was required, divide the Remainder by 12, and multiply 
the Quotient by 9, and add 1t to the leaſt Term; or multiply it 
by 3, and ſubttact it from the greateſt, it will give the Log. of the 
th Mean Proportional required, and is the ſame with the Tlurd in 


the foregoing Example. 
* ie 2 CHAP, 


CHAP. 


IV. 


The Reſolution of the Caſes of Night- line 
Triangles, by Logarithms. 


HUS far we have ſhewed the | 


Ule of the Logarithms of the 

Chiliads : Now we will 
Thew the Uſe of the ſame, together 
with the Logarithms of the Canon of 
Triangles, and that in the Reſolution 
of Right-line Triangles. 

M herein, this is generally to be ohſervi d, 
that when we ſay The Sine, Tan- 
gent, &c. we mean The Loga- 

. rithms of the ſame Sine, Tan- 
gent, &c. in the aboveſaid Canon · 


Figure II. 


Prop. I. Having the three Angles, 
and one fide, to find either 7 the 
other fides. 


Add the Logarithm of the given 
Side to the Sine of the Angle op- 
poſed to the Side required, and from 
the Sum ſubtract the Sine of the An- 

le oppoſed to the given Side, the 
emainder will be the Logarithm of 
the Side required. 

For Example: In the Triangle 
BC E, having the Angle CEB 90 
grad. CRE 51 grad. 56 min. BCE 38 
grad. 4 min. and the fide BE 197+; ; 
we would know the Side CE- 


2-29512-71 the Log. of 197.3 

9.996 12-69 the Sine of 51 grad, 56 mla. 
12.19126-40 tie Sum 

9 78993.80 the Sine of 38 grad. 4 min. 


2.40127.60 the Log. of 251.9278 for CE 
r — I 


Or you may add the Arithmetical 
Complement of the Sine of the Angle 
oppoled ro the given fide, to the two 
other Logarithms, and the Sum ſhall 
be the Logarithmof the fide required, 
As we have ſhewa in the IIId Cha 
ter, Propofition IV. And it is to 
noted, that the Arithmetical Com- 
plemevts of the Sines in the Canon 
are to be found in the Columns of 
the Secants: (For neglecting the 
firſt Unit) the Secants of the Comple- 
ments of the ſame Archs, whereof the 
Sines are expreſſed in the Canon, are 
the Arithmetical Complements of the 
ſame Sines. For Example : The 
Sine of 438 grad. 4 minutes being 
9.899880, the Secant of ö t grad, 
56 min. the Complement thereof is 
to. 2 100120, which (neglecting the 
the firſt Unit) is the Arithmetical 
Complement of the ſaid Sine. 


0-21001.20 the Ar. Co. of the ſine 33gr- 4m» 
2.295 12.71 the Log. of 197. 


9.39613 69 the ſine of 51 2 56 min» 


12. 40127. 0 the Log. of 251.9278, as beg 
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But if one fide of a Rectangle Tri- 
angle, and the Angles be known, 
and you would have the other ſide, 
as in the former Example, the Ope- 
tation will be eaſier, thus: 

Add the Tangent of the Angle 
oppoſite to the fide required, to Jo 
Logarithm of the given fide, and 
from the Sum ſubtract the Radius, 
the Remainder ſhall be the Logarithm 
of the Side required. 

10.10614-88 the Tangent of 51 grad. 56 min. 
2.29512. 1 the Log. of 197-3 
72401 27.99 the Log. of 2519, 2s before 


Prop. II. Having to ſides, and an 
Angle oppoſite ro one of them ; to find 
the other two Angles, and the third 


ſide. 


Add the Sine ot the Angle given, 
to the — of the ſide oppoſed 
to an Angle required, and trom the 
Sum ſubtract the Logarithm of the 
fide oppoſed to the Angle given, the 
Remainder ſhall be the Sine of the 
Angle oppoſite to the other fide gi- 
ven. 

For Example: In the Triangle 
ABC. the fide AC being 800, BC 
320, and the Angle ABC 128 grad. 
4 min, we would know the Angles 


BAC, ACB, and the fide AB. 
9.8961 3.69 the Sine of 128 grad. 4 min. 
2 505 15.00 the Log. of 320, 


12.491 28.69 the Sum 
2.90 309. 00 The Log. of 900 


—9.49319-69 the sine of 19:r. 21m. for BAC 
Having BAG and ABC. the An- 
gle ACB is their Complement to 10 
rad, viz. 33 grad. 35 min. and the 
Side AB you may find by firſt Pro- 
Poſition. 


Prop. III. Having two ſides, and the 
Augle between them ; to find the other 
rwo Angles, and the third fide. 


If the Angle included be Right, 


add the Radius to the Logarithm of 


the leſſer fide, and from the Sum ſub. 

tract the Logarithm of the greater 

fide, the Remainder ſhall the 

gr of the Angle oppoſed to the 
r fide, 

For Example: In the Triangle 
BCE, the fide BE being 197.3, and 
CE 251.9 we would know the Angles 
BCE, CBE, and the Baſe CB. 


12 29512.71 the Rad. added ro thelog.of 197. 
2-40122-78 the Log. of 251.9 4% 


9.89 389.89 the Tang. of 38gr. 4m. for BCE 
But if the Angle included be ob- 
lique, add the Logarithm of the Dif- 
ference ot the given Sides to the Tan- 
gent of half the Sum of the Angles 
unknown, and from the Sum ſubtract 
the Logarithm of the Sum of the gi- 
ven Sides, the Remainder ſhall 
the Tangent of the half ot their Dif- 
ference. 

For Example : In the Triangle 
ABC, the fide AB being 552, BC 
320, and the Angle ABC 128 grad, 
4 min. we would know the Angles 
BAC, ACB. ard the Side AC. 

The Sum of the given Sides is 882, 
and the Difference 242, the half Sum 
of the Angles unknown, is 25 grad - 
58 min. 


ſides given 
2.38 381.54 the Los. of 242 d of the 
9.68754.02 the Tang. of 252r. 58m. the half 
Sum of the Angle unknown 
1207135. 16 the Sum 
2.945 46-36 the Log. of 882, the Sum of the 
— ſides ziven 
9.12589. 0 the Tan ent of 7 grad. 37 mir. 


Theſe 7 grad. 35 min. being ad- 
ded to 25 grad. 58 min. the halt Sum 
of the Angles unknown, the Sum is 
33 grad, 35 min. fur the gzeater An- 
gle AC B; and the ſame 7 grad. 37 
min. being ſubtracted from 25 grad, 
58 min. the Remainder is 18 grad, 
21 min. tor the leſs Angle CAB, 
Laſtly, knowing three Angles, and 
two Sides, the third may be found by 
the firſt Propoſitions 


Prop. 
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Prop. IV. Having the three ſides ; 
to find any Angle. 


Add the three ſides together, and 
take half the Sum thereof, and the 
Differences betwixt the ſame half 
Sum and each fide. This done, add 


the Logarithms of the half Sum, and 


of the Difference betwixt the ſame 
half Sum and the Baſe, together. 
Add alſo the Logarithms of the Dif- 
ferences of the other two fides, and 
the doubled Radius together : Then 
out of this Sum ſubtract the firſt Sum, 
and half the Remainder will be the 
Tangent of half the Angle required. 


For Exam ple: In the Triangle 
ABC, the tide AB being 562, 
AC $00, and BC 4320, we would 
know the Angle ABC. 


— 


AC 800 the baſe. 
AB $6: the fide. 
BC 220 the fide. 

The ſum 1682 

The half ſum 841 

The dif. of AC 41 log. 1.6127 


The Sum 4-53757+99 
The diff. of AB 279. Jog. 2 44560-42 
The diff. of BC 521. log. 2.7 1783.77 
Doubled Radius 20.00000.09 
The Sum — 5,644.19 
The fir{t ſum ſubtracted 453757 99. 
The Remainder 20.62486.20 
Half the Remainder 10.31 243.10Tang, 
of 64 gr. 2 m. whoſe double is 123 gr, 
4 min. for ABC 


Or add the Arithmetical Comple. 
ments of the Logarithm of halt the 
Sum, and of the Difference betwixt 
the ſame half Sum and the Baſe, to 
the Logarithms of the two other Dif- 
lerences, and half the Sum ſhall be the 
Tangent of half the Angle required. 
7.07520.40 the Ar. Co. of log. 8&1 
8.38721.61 theAr. Co. of log. of 41 


2,44560-42 the log. ot 279. 
2.71683. 77 the iog. of 521. 
The ſum 20.2486. 20 
Half ſum 10. 3 1243. 10 is the Tangent of 64 gr 
2 min. as before 


log. 2-92472.60 


CHAP. V. 


The Reſolution of the Caſes of Spherical Triangles 
by Logarithms. 


from the Sum ſubtract the Radius, 


HE Reſolution of the Sphe- 
| tical Triangles is to be Cone | the Remainder is the Co- ſine of the 


by the Canon of Triangles, 
which we ſhall ſhew by 28 Propofi- 
tions following, whereof 16 ace of 
Rectangle, and 1 are of ObliqueTri- 
angles; and firſt of the Rectangle. 


Figure III. 


Prop. I. Having the two fades ;, to | ford 
the Baſe. 


Add the Co-fine of one fide, to 


Baſe required. 

For Example: In the Rectangle 
ABC, having AC, 27 gr. 54 min. 
and BC 11 gr. 30 min- we would 
know the Baſe AB. 


9-991 19.27 the Co.ſins of 11gr. 30m. 

9.94633.71 the Co. ſine of 27 gr. Jam. 

19.937 52.98 the Co- ſine ot 30gr. om. 
tor AB required. 


the Co- ſine of the other ſide, and 


Prop. 


Ly 
- 


Aw oo» wa, _ 2 
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II. Having the tuo ſides ; to find 
* either of tbe Le a, 


Add the Sine of the Sidenext the 
required Angle, to the Co-Tangent 
of the oppoſite Side, and from the 
cum ſubtract the Radius, the Re- 
mainder is the Co-Tangent ot the 
Angle required. 

For Example: In the Rectangle 
AC B having AC 27gr. 54min. and 
BC 11grad. 3omin- we would know 
the Angle BAC- 


9.67018.07 — 8 next — Je 2787. Fam. 
o. Tang. of the oppolite 
— . bde 11 = 4) zo min. 


1.81 the Co Tang. of 232r zomin. 
— for BaC required. 


Prop: III. Having the Baſe, and one of 
the Oblique Angles ; to 
Oblique Angles, 


Add the Co-fine of the Baſe to the 
Tangent of the Angle given, and 
from the Sum ſubtract the Radius, 
the Remainder ſhall be the Co Tan. 
gent ofthe Angle required. 

For Example: In the Rectangle 
ACB, having the Baſe AB zo grad 
and the Angle ABC 69ggr. zz min. we 
would know the Angle BAC. 


9.94752.06 ihe Co-Sine of the Bate 3ogr. 
10 42418 gr the Tang of the Angle «ger. 


10.361 the Co Tang. of 23gr. N 
2 55 for BAC EE 
Prop. IV. Having the Baſe, and one of 
the Oblique Ang les; to fd the frat 


next unto the ſame Angle, 


Add the Tangent of the Baſe to 
the Co-Sine of the Angle given, and 
from the Sum ſabrract the Radius, 
the Remainder is the Tangent of the 
fide —_ 

For Example: In the Rectangle 
ACR, having the Baſe AB zo grad. 
and the Angle ABC 69 grad. 22 m. 
we would know the ſide BC. 


| 


fd the order; 


15 
the Tang. of the Baſe zor. 


9.76143. 

27470288 the * — of the Angle 6ggr. 
N 0 

C 


1930845. 81 the Tan — of 11gr. 
for requir 
8 V. Having the Baſe, and one of 
the Oblique Angles ; to find the ſide 
oppoſed to the ſame Angle. 


Add the Sine of the Baſe to the 
Sine of the Angle given, and from the 
Sum ſubtract the Radius, the Re- 
mainder is the Sine of the Side re- 
quired- 

For Example : In the ReQangle 
Ac having the Baſe 4B 20 grad. 
and the Angle BAC 23grad. 3omin. 
we would know tha Side B C. | 


9.69897-00 the Sine of the Baſe 3ogr. 
9.60069.97 the Sine of the angle 232r. zom. 


19:29966-97 the Sine of 11gr. zomin. for 
require i. 


zomin. 


Prop, VI. Having one of the ſides, and 
the Oblique Angle next unto it ; to ford 
the Baſe, 


Add the Co-Tangent of the Baſe 
given, to the Co- Sine of the Angle 
given, and from the Sum ſubtract 
the Radius, the Remainder is the 
Co Tangent of the Baſe required. 

For Example: In the Rectangle 
ACB, having the fide AC 23 grad. 
54 min. and the Angle BC 23 gr. 
zo min. we would know the Baſe 
AB 


10.27515.63 theCo-tang. of the ſide27gr.54m. 
0.96-39-77 the Co fine of theAng. 2327. zom. 


20. 23855. 40 the Co tangent of 30 grad. for 
AB required. 


Prop. VII. Having one of the ſides, 


and the Oblique le next unto it: 
to find the other Pa , 


Add the Sine of the Side given to 
the. Tangent of the Angle given, and 
trom the Sum ſubtract the Radius, 


the Remainder isthe Tangent of the 
fide required. 
For 
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For Fxample. In the Rectangle 
A CB having the fide A C 27 grad. 


Fa min. and the Angle BAC 23 


d. 30 min. we would know the 


fide BC. 


9 67018.07 the Sine of the ſide 27gr. 54m- 
9.628 30.10 the Tan, of theAng, 23gr. zom. 


19.30848.26 the Tangent of gr. 3om. for 
4 BC required. . 


Prop. VIII. Having one of the ſides, 
and the Oblique Angle next unto it; 
to find the other Oblique Angles, 


Add the Co-fine of the fide given 
to the Sine ot the Angle given, and 
from the Sum ſubtract S Radius, 
the Remainder is the Co- ſine of the 
Angle required, 

For Example: In the Rectangle 
ACB, having the Side BC 11 grad. 
30 min. and the Angle ABC 69 gr. 
22 _ we would know the angie 
BAC. 


9.99119.27 theCo-fineof the ſide 11gr,3om. 


9.97 120.84 the Tan. of the Ang. 69er, 22m. 


19. 11 the Go-ſine of 23 deg, 30 min. 
emen eis for BAC: required, 


Prop. IX. Having one of the ſides, 
and the Angle oppoſed unto it; to fund. 
the Baſe, 


| Sine of the ſide 


Prop. X. Having one of the ſides, and 
the Angle oppoſed unto it; to find the 
other fide, 


Add the Tangent of the given 
fide to the Co- Tangent of the given 
Angle, and from the Sum ſubtract 
the Radius, the Remainder is the 
uired, 


For Example; In the Rectangle 


| ACB, having the Side BC 1 1prad, 


zo min; and the Angle BAC 23 
grad, 30 min, we weuld know the 
Side AC+ 

+208 26 the Tan, of the ſid . 
10.36 1275 1 the Co · Tan. ot the . fo 
30 min, 
19.67016.07 the Sine of 27grad. 54 mi 

AC — . EIT Fan 


Prop. XI. Having one of the fides, and 


the Angle oppoſed unto it ; to find the 
other Oblique Angle. 


Add the Radius to the Co- ſine of 
the Angle given. and from the Sum 
ſubtract the Co-Sine of the Side 
given, the Remaiader is the Sine 
the Angle required. 

For Example: In the Rectangle 
ACB. having the Side BC 11 grad, 
30 min. and the Angle BAC 23 gr. 
30 min. we would know the 


Add the Radius to the Sine of the | ABC 


given fide, and from the Sum ſub- 
tract the Sine ot the Angle given, 
the Remainder is the Sine of the | 
Baſe required- 

For Example ; In the ReQangle 
ACB, having the fide BC 11 gr. 
30 min. and the Angle BAC 23 


rad. 30 min. we would know the 


ſe AB. 


19-96239.77 the Radius added to theCo-line 

of the Angle 23 grad. 30 min. 

9-99119.27 the 22 of the Side 11 grad, 
m 


30 min. 
9.97 120.50 the Sine of 6 22 min. for 
+97 120.5 BC ot = m | 


Prop. XIL Having one of the and 
the Baſe ; to fad 222 Age 
adjacent unto the ſam: fide, 


Add the Tangent of the fide yiven 


, 
19-29964.53 the Radiusadded to the Sine of | to the Co-Tangent of the Baſe, and 


FX the fide 11 gre 30 min, 
9.60069.97 the Sine a the Angle 23 grad. 


— min. 
5.69895-56 dhe Sine of zograd. for AB re- 
quired. 


1 


from the Sam ſubtract the Radius, 

the Remainder is the Co-fine of 

Angle required, 1 
or 


„ tro 


err rr 


For Example : In the Rectangle 
AC B, having the fide AC 25 grad. 
54 min. and the Baſe AB zo grad. 
we would know the Angle BAC. 

.26 the Tang. of the ſide „ $4, 
e T2. 1 


6240.42 the Co-ſine of 23 er. 30 m. for 
1 BAC required. | 


Prop. XIII. Having one of the ſides, 
and the Baſe ; to find the Angle oppo- 
ſed to the ſame ſide. | 


Add the Radius to the Sine of the 
ſide given, and from the Sum ſub 
tract the Sine of the Baſe, the Re 
mainderſhall be the Sine of the Angle. 

uired. 

* Example: In the Rectangle 
ACB, having the Side BC 11 grad. 
30 min. and the Baje AB 3ograd 
we would know the Angle BAC. 

19.29964.53 the Radius added to the Sine of 


the ſide 11 er» 30 min. 
9.69897.00 the Sine of the Baſe 
— ͤe—ͤ—¾— 


9.60068.53 the Sine of 3 f* 30 m. for BAC | 
required. 


Prop. XIV. Having one of the ſides, 
— the Baſe ; ay F the % ſide. 


Add the Radius to the Co-fine of 
the Baſe, and from the Sum ſubtract 
the Co-fine of the fide given, the 
Remainder is the Co-fine of the ſide 
required, 

For Example: In the Rectangle 
ACB, having the Side BC 11 grad. 
30 min, and the Baſe AB zo grad. 
we would know the fide AC. 
19.94753-06 the Radius added to the Co- ſine 


of the Baſe 30 gfad. 
9:99119.27 the Co · ſine of the ſide 11gr.zom. 


9.9463 3.79 tle Co sine of 27 gr. 54 m. for 
R e 


Prop. XV. Having the two Oblique An- 
gles ; to find the Baſe 


Add the Co-Tangent of one An- 
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other Angle given and from the 
Sum Subtract the Radius, the Re- 
mainder is the Co-fine of the Baſe 
required. 

For Example: In the Rectangle 
ACB, having the Angle BAC 23 
grad. 30 min. and the Angle ABC 
59 gra 22 min, we would know the 
Baſe AB. 


10,36169.81 the Co Tan. of 23 gr. 30 min. 
9.57581.04 the Co-tan. of 69 gr. 22m. 


19.93750-85 the Co- Sine of 30.grad. for AB 
required. 


Prop. XVI. Having the two Oblique 
Angles ; to find either of the fides, 


Add the Radius to the Co- ſine of 
either Angle, and from the Sum ſub- 
tract the Sine of the other Angle, the 
Remainder ſhall be the Co Sine of 
the Side oppuſite to the Angle ,whoſe 
Co-Sine was taken. 

For Example: In the ReQangle 
ACB, having the Angle BAC 23 
grad. 30min. and the Angle ABC 
569 deg. 22 min · we would know the 
fide BC, | 


19-96239:77 the Radius added to the Co.ſine 
of BAC 23 grad. 30 min. 
9.97120.84 the Sine ABC cggrad. 22min. , 


9.99118.93 the co-Sine of 11gr. zomiũ · for 
og Be required, 


Fig. IV. 
Prop. XVII. Having the three ſides to 
: find any of the Angles 1 


Add the three ſides, and take half 
the 8um, and the Difference betwixt 
the ſame half Sum and the Baſe, This 
done, add the Sines of two Sides 
together: Add alſo the Sine of half 
the Sum of the three Sides, the Sine 
of the ſaid Difference, and the dou- 
led Radius, together ; then out of 
this Sum ſubtract the firſt Sum, and 


halt the Remainder ſhall be the Co- 


line of halt the Angle required, 


gle given to the Co-Tangent of the, 


8 For 


18 


For Example: In the Triangle 
SZ P, having the fide Z S 40 grad. 
PS 70 grad: and PZ 38 grad. 3omin- 
we would know the Angle ZPS. 


the Baſe 28 40. O 
the ſde PS 70. o the fine 9.97298. 58 
the ſide PZ, 28.20 the ſine 9.79 114.95 
the ſum 145.30 the lum19.76713.53 
the halfſum 74.15 the ſine 9.93338.05 
the Niffer. 34.15 the line 9.75035.79 
the doubled Radius 20.20000.00 
the ſum — 3947 3373-84 
the Remainder 19.96660,31 
Half the Remainder ———9.95330.15 
Which is the Co-ſine of 15 gr. 47m. 
The double whereof is for theAngleZPS 
„e grace” gymin. 


Or inſtead of the Sines, which are 
to be ſubtracted, take their Arithmeti- 
cal Complemente, and add them to the 
Sines of half the Sum and of the ſaid 
Difference ; then half theSumſhall be 
theCo-fine of half the Angle required. 


o. 02701. 42 the Ar. Co. of 7ogr. the ſide 
o. 20685. 05 the Ar. Co. of 38 gr, the ſide 
9.98338. 05 the line of 74d. 15m. 7 ſum 
9.75035-79 the & of 34d. 15m: theÞitt. 
19.9666. 31 the ſum *T 
9.93330-15 the halt ſum is the Co-ſine 
of 15 gr- 47 m. ard the double 31 gr. 
34m. the Angle ZPS required, 


Prop. XVIII. Having the three Angles ; 
to find any of the ſides. 


If for the greater angle we take his 
Complement to 180 grad. the angles 
ſhall be turned into fides, and the 
fides into angles, and the Operation 
ſhall be the lame, as in the former 


Propoſition, 


Prop. XIX. Having two Angles,” and 
a ſide oppoſed to one of them; to find 
be ſide et oſed to the other Angle. 


Add the Sine of the ſide given to 
the Sine of the Angle oppoſed to the 
fide required, and from the Sum ſub- 


* 
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tract the Sine of the Angle oppoſed 
the ſide given, the Re er ſhall 
be the Sine of the ſide required. 

For Example : In the Triangle 
ZP. having the Angle 8Z P I zogr. 
3 min. 12 ſec, SPZ 31 grad. 34min 
26 ſec. and the ſide ZS 40 grad. we 
would know the fide PS. 


9.80808. 75 the ſine of the ſide 47grad, 
9.38391. 45 the ſine of Ang. 13 gr. 3.12 


19.69 198. 20 the ſum 
9.71899. 76 the S. of the An · 31 gr. 34,26 


9.97298. 44 the Remainder. which is the 
line of 7ogr. for PS. req, 


Prop. XX. Having two Angles, and 


a fide oppoſed to one of them ; to 
the fide bet teen the Angles given. 1 


Let a Perpendicular tall from the 
angle unknown, upon his oppoſite 
fide : Then 
Add the Co-ſme ot the given An 
adjacent unto the given fide, to the 
Tangent of the given fide,and from the 
ſum ſubtraQ the Radius, the Remain» 
der ſhall be the Tang of the firſt Ac. 

This arch ſhall be comprehended 
between the givenangle adjacent unto 
the given ſide, and the Segment of the 
fide where the Perpendicalar falls: 
No the ſecond arc comprehended 
between the ſame Segment and the 
other angle, is to be found thus : 

Add the ii of the arch found, to 
the Tangent of the given angle adja- 
cent unto the given ſide, and from the 
lum ſubtract the Tangent of the other 
given angle, the Remainder ſhall be 
the Sine of the ſecond Arch. 

The. firſt and ſecond arch being 
added 2 or elſe ſubtracted, 
you ſhall have the fide required. 

For Example: In the Triangle 
SZP, having the Angle ZPS 3 1 fr 
34, 25. Z8P 3cgrad. 28, 12, and the 


know the fide SP. 


fide PZ 38 prad. 30 min, we would 


4 tl 5 642.2 
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9.93042. 22 the Co-ſine of 31gr. 34, 26, 
| the adjacent angle. 
9.90060.53 the tang, of 38 gr, 30 min. 
— — — ſide given K 
10.82102 74 the tang, of 24 gr. 7 and a 
9 min, for b dhe ut = 
856. 30 the line o r. 7 and a half 
1 2 min. he found, 
g91738857.56 the tang. of 31 gr. 34, 26, 
— — the adjacent angle 
19.5373. 86 the ſum 
9.76962. 83 the tang, of 30 gr. 28, 12, 
er given angle 
76791.03 tne ſine o r. 52 m. 
8 pf a half, for Rs * 
Now in this Example, ada ing PR 
34 grad. 74 min. (the firſt Arch to SR 
35 grad. 52 f min. (the ſecond Arch) 
the Sum is Jo grad. for SP required 
In like manner you may find the fide 
required, when the Perpendicular 
falls out of the Triangle propounded 


Prop- XXI. Having two Angles, and 


a ſide oppoſite to one of them; to find 
tbe third Angle, 8 | 


Let a Perpendicular fall from the 
Angle unknown, upon his oppoſite 
fide: Then | 

Add the Co- ſine of the given ſide 
to the Tangent of the adjacent Angle, 
and from the ſum ſubtract the Radius, 
the Reminder ſhall be the Co· tangent 
of the firſt Angle to be found. 

This Angle found ſhall be com- 
prehended by the given ſide and the 
Perpendicular, Now the ſecond Angle, 
comprehended by the Perpendicular 
and the fide unknown, is to be found 
thus * | 

Add the Sine of the Angle found, 
to the Co-Sine of the given Angle op- 
poled to the given ſide, and from the 
ſum ſubtract the Co Sine of the other 
Angle given, the Remainder ſhall be 
the Sine of the ſecond Angle. 

The firſt and ſecond Angle being 
added together, or elſe ſubtracted, 
You ſhall have the Angle required. 
* For Example: In the Triangle 


SZP, having the Angle ZPS 3 igrad' 
34,25, ZSP zo grad. 28, 12, and the 
Side PZ 38 grad. 30 min, we would 
know the Angle 8Z P. 2 
9.89354·44 the Co ſine of 38 gr. 30 m. 
1 the given fide, 
9.78857. 56 the tang, of 31gr. 34, 26, 
—— the adjacent Angle 
19.63212.05 theCo-tang. of 64gr. 18, 50, 
—— por PZR. the firſt Angle 
9.95481. 26 the ſine of 64gr. 18,50, the 
Angle tound 
9-93545+67 the Co- ſine oſ 30d. 28,12, 
— che oppoſed Angle 
19 $9026.93 the ſum 
9.93042-22 the Co- ſine of 3 1gr. 34, 26, 
— — Tthjcnt Angle 
9.95984. 7 1 the ſine of 65 gr. 44,23, for 
| S the ſecond Angle. 
Now inthisExample, adding PZR 
64grad, 18, 50, (the firſt Angle) to 
SZR 65grad, 44, 23, (the ſecond 
Angle) the Sum is 130 grad. 3, 13, 
for the Angle SZP required. In like 
manner we may find the third Angle 
when the Perpendicular falls out of 
the Triangle propounded. 


Prop. XXII, Having tuo ſides, and 
the Angle betu een them ; to find eitber 


1 af the other Angles. e 
Let a Perpendicular fall from the 


Angle unknown which you require 
not upon the oppoſite Side, then 

Add the Co-vine of the given An» 
. 
gle, to the Tangent of that given 
Side which is oppofed to the Angle 
required, and from the ſum ſubtract 
the Radius, the Remainder ſhall be 
the Tangent of the firſt Arch. 

This Arch found ſhall be compre- 
hended between the given Angle and 
the ſegment of the given Side where 
the Perpendicular talls. 

Now the ſecond arch is compre- 
hended between the ſame ſegment and 
the Angle required. Then, 

Add the Sine of the-firſt Arch, to 
the Tangent of the given Angle, and 


from the Sum ſubtract the Sine of 
923 he 
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ne ſecond Arch, the Remainder ſhall | tangent of halt the Angle given, and 
be the Tangent of the Angle required. from the Sum ſubtract the Sign of 
For Example. In the Triangle half the Sum of the given ſides, the 
SZ P, having the ſide P Z 38 grad.] Remainder ſhall be the Tangent of 
30 min, PS jo grad. and the Angle half the Difference of the Angley 
Z PS zi grad. 34, 26, we would required. 
know the Angle PSZ. Add alſo the Co-fine of half the 
9.93042.22 the Co-fine of 31 Fr. 344 26, the Difference of the given ſides, to the 
Angle given. Co-tangent of half the Angle given, 
9.90060 52 Ge rn: of 38gr, 30m. png and — th Sum fubrr the Sine 
PPO'E or. and a halt] of half the Sum of the ſides given, the 
operon, * de A 4 — | Remainder ſhall be the Ca of 
2 the vine 2 2 — J . * the Sum of the Angles requi- 
— . — 12 ca Then add the half Difference of 
the Angles found, to the half Sun 


9.53753 86 the Sum 


9-76791.15 the Roe 9 5 uy Res of the ſame, and you ſhall have the 


9.76962.71 the Tangent of ;ograd. 28 mn greater Angle: And the ſame halt 

for Z>Þ required. Difference being Fry from the 

| half Sum, you have the leſs 

2 find both the Angles bern. Angle required: As in the former 
Add the Sine of half the Differ- [Example. 

ence of the given ſides, to the Co- 


The f'e PZ 8er. o. 
The ſide Ps | eg. 7 "i 


The sum — 103 gr. 30, © 
Tne halt ſum —54gr. 15, . The Sine 9. 909 32,81 The Co-bne 9.76659 U 


The dif. at the ſides 31 gr. 30, o. 
The balf diff. 138%. 45, 0 TheSine 9.43367-46 The Co fine 9.98338 of 
The Anele ZPS 312. 34,26. 
The half Angle 1587. 4% 3. Cotang, 10-54863-52 The Co tang, _ 10.54863.12 
The Sum 19.98239 98 The Sum 20.5 3201.57 


The Tangent of 9 gr. 47. 10-07258.17 Tang 80.15.42 10.76541.72 
wy Nhe Differcncs of the Angles is 49 r. 47,39 " 


Half the Sum is Sour. 15,42 
The um 130gr, 3,12 for SZ?, 
The Diff. 302r. 28,12 for Z55. 


| | This Arch ſhall be comprehended 

Prop. XXIII. Having tuo fides, and | between the Angle given, and the 

the Angle between them ; to fond the] Segment ot the fide where the Fer-. 
third ſides pendicular falls. 

: | Now the ſecond Arch ſhall be com- 

Leta 22 fall from either | prehended between the ſame Segment 
of the Angles unknown, upon his and the End of the fide required. 
oppoſite fide, then Thea, 

Add the Co fine of the given An- Add the Co-fine of the {econdArch 
gle. to the Tangent of the fide from | ound, to the Co: ſine of the fide from 
whoſe End the Perpendicular is let | whoſe End the Perpendicular falleth, 
fall. and from the Sum ſubtract the | and from the Sum ſubtract the Co- 
Radius, the Remainder ſhall be the] fine of the firſt Arch found, the Re- 
Tangent of the firſt Arch, mainder ſhall be the Co-fine ot the 
ſide required, | For 


For Example, In the Triangle SZP 
having the fide PZ 38 grad. 30 min. 
ps 70 grad. and the Angle Z PS 
31 grad. 34, 26, we would know the 


fide 28. 


2.22 the Co-ſine of 31 grad. 26 
99080 the Angle given W 


.92060.523 the Tangent of 38 grad. in. 
—_— Omen PZ a 2 7 
* the Tanzent of 34gr. 7m. an 
2 —— a 5 + the — —— 

26 the Co ſine of 34 grad. 7 and 2 
n hall puta, the firſt Arch * 
, the ane ot 35 grad. 52 and 2 
7 EO half m. for RS the ſecondArch 
9.89354-44 the Co- ſine of 38;rad. zon. the 
— —— ſide PZ 


19. 0218.88 the Sum 
9.88425. 52 the Co: ſine of gogr. for Z 6 the 
ſize required. 


Prop. XXIV. Having tuo ides ; and 


one Angle oppoſed to one of them ; to 


find the Angle ofpoſed to the other ſide, 


Add the Sine of the Angle given, 
to the Sine of the Side oppoled to 
the Angle required, and from the 
Sum ſubtract the Sine ot the fide op 
poſed to the Angle given, the Re- 
mainder ſhall be the Sine of the an 
gle required. a 

For Example. In the Triangle SZP 
having the fide PS yograd. Z 8 
40 grad. and the Angle SZP 130 
grad, 3, 12, we would know theAn- 


gle SPZ. 
9-$8z91.45 the Sine of 13ograd. 3, 12, the 


ngle yiven 

9. 80806. 75 the Sine of 40 grad. the fide op 
poled to the An le required, 
19.69 198. 20 the Sum 

9.97298.58 the S ne of 70 grad. the fide 

oppoſed to the A ple given. 

9.713;39.52 the Sine of 3igta 

SZ requ ied 


Prop. XXV. Having two ſides, and one 
Angle of poſed to one of tbem; to find 
the third fide. 


Let a Perpendicular fall from the 
Angle between the ſides given, upon 
his oppoſite fide, then 


3410. ic, 
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Add the Co-ſine of tneAngle giver? 
to the Tangent of the given fide 
which is adjacent unto the ſameAngle, 
and trom the Sum ſubtract the Radius, 
the Remainder ſhall be the Tangent 
of the ſirſt Arch. | 

This firſt Arch ſhall be compre» 
hended between the given Angle, and 
the Segment of the fide where the 
23 falls. Now the ſecond 
arch between the ſame Segment and 
the end of the fide required, ſhall be 
found thus. 

Add the Co-fine of the firſt Arch 
tound, to the Co fine of that given 
fide which is oppoſed to the Angle 
given, and from the Sum ſubtract 
the Co fine of the other fide given, 
the Remainder ſhall be the Co- fine of 
the ſecond Arch, the firſt and ſecond 
Arch being added together, or elſe 


{ (ubtrated, you ſhall have the ſide 


required, 

For Example: In the Triangles 
SZ P, having the fide PZ 38 grad. 
zo min. SZ 4ograd. and the Angle 
SPZ zi grad. 34, 26, we would 
know the lide PS. 


9.93 042.22, the Co ſine of 31gr. 34, 25, ti e 
Angle given 
9.90060,52 the Tangent of 38 grad. 30 min. 
— the adj cent ſide 


19.83 102.74 cle Lang. of 3 85 7 and a halt 


— — mm. ſer PR the ficſt arch 
9.91793. 38 the Co ſine of 34gr. 7 and a halt 
min. for R the firſt Arch 
9.88425. 40 the Co fine of gogr. tie fide op- 
poſed to the Angle given 
19. 802 18.76 the Sum 
9. 937444 he Co. ſine of 38 grad. 30 min. 
— 8 "_ — | 
90864. 32 the Co fine of 35grad. 52 and a 
9.90864 45 — min. for SR che ſecond 
Arch. 


Now in this Example, PR 34 gr. 
7 and a half min. (the firſt Arch) 
being added to SR 35 gr. 52 and a 
half min. (the ſecond Arch the Sum 
is 70 grad, for PS the ſide required. 


Prop, 
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Prop. XXVI. Having two fides, and 
one Angle otpoſed to one of them ; to 
Fud the Augle between them. 


Let a Perpendicular fall from the 
Angle between the ſides given, upon 
his oppoſite fide, Then 
Add the Co-ſine of that given fide 
which is adjacent unto the given An- 
le, to the Tangent of the ſame An. 
ple, and from the Sum ſubtract the 
dins, the Remainder ſha!l be the 
Co: tangent of the firſt Angle to be 
found. 
This firſt Angle found ſhall be 
comprehended by that given ſide 
which ie adjacent unto the Angle 
given, and by the Perpendicular. 


Now the ſecond Arch comprehended 


by the Perpendicular and the other 
given fide, is to be found thus, 
Add the Co ſine of the firſt Angle 
tound, to the Tangent of the given 
Ade which is adjacent unto the 
Angle given, and from the Sum ſub- 
tract the Tangent of the other given 
ſide, the Remainder ſhall be the Co- 


fine of the ſecond Angle to be found. 


The Sum, or the Difference of the 
firſt- and ſecond Angle, ſhall be the 


Angle required, BY 
For Example: In the Triangle 


8 Zb, having the ſide P Z 38 grad. 
30 min. 8 Z 40 grad. and the Angle 
85 31 gr. 34426, we would know 


the Angle SZ P. 


30 254.44 the Co. ſine of PZ 38 gr. zom. 
ee th- tide adjacene MAY 
0.78357.56 the Tangent of SPZ 31gr. 34,26, 

the Angle 

68212. 00 tue Co targent of 64er. 18,50, ſor 

gn — PZRthe firſt Ange. 

9.636296 the Co fine of 64zr. 38250, tle 

| Ang'e found. 

9 9000. 3a the Tangeut of 38 grad 30 mn. 
— * — lide adjacent 
19-53753-48 me Sum 
0 the Tan. of 40 grad. the other 
given ide. | 
£-61372-13 the Co ſine of 5&5grad. 44.23. for 
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PZR 6g grad. 18, 50, (the f 
Angle) to % ZR 65 grad. 44 23 
(the ſecond Angle) found, the um 
is 130 grad. 3,13. for SZP the Angle 
required. | 

Here is to be noted, If you would add 
the Arithmetical Comtlement of a Tu- 
gent to the others inſtead of Subtra8i. 
on, that they are expreſſed im the Ca. 
non: For ( negleffing the firſt Unit on 
the left Hand ) the Co-tangents of the 
Arches or Angles leſs than 4 5 grad, art 
the . Arttmetical Complements thereof? 
but the Co-tangents of the diches or 
Angles greater thaw 45 grad, may be 
taken for Arithmetical Complements, if 
from the Sum be ſubtrafted 2 ou the lit 
hand inltead of an Unit, | 


Prop. XXVII. Having tue Angls, 
and the fide between them ; to fund 
either of the other frdes, 


Let a Perpendicular fall from that 
Angle given _ ts adjacent unto 
the ide required, upon his oppoſite 
fide, Then 4 ret 
Add the Co: ſine of the given fide 
to the Tangent of that given Angle 
which is oppoſed to the fide required, 
and from the Sum ſubtra& the 
Radius: the Remainder fhall be the 
Co-tangent of the firſt Angle to be 
found. | 

This Angle found ſhall be com- 
prehended by the given fide, and 
the Perpendicular, Now the ſecond 
Angle is comprehended by the Per- 
pendicular and the fide required- 
Then 
Add the Co- ſine of the firſt Angle 
tound, to the Tangent of the Side 
giver, and from the Sum ſubtract the 
Co ſine of the ſecond Angle found, 
the Remainder ſhall be the Tangent 
of the Side required. 
For Example: In the Triaagle 
SZP, having the Angle SPZ 31 gr. 


(34426. SZP 130grad. 3, 12, and the 


Side 


„ —— > 


— — 
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ſide PZ 74 grad. 30 min. we would ſnalf the ſide given, and from the Sum 


know the ſide SZ, | 
9.39354.44 the Co. fine of 38gr. 3om. 
the fide given, 
9.78857.56 the Tang. of 21gr. 34, 26. 
r — the oppoſed Angle 
19.68 212.00 the Co-tan, of 64gr. 18,50, 
tor PZR the firſt Argle 
g9.63692.96 the Co · ſine of 6agr. 18,50. 
the Angle found, 
9.90060.52 the Tang. of 38gr. 30mine 
— — thc fide given. 
19.5 3753.48 the Sum 
9.61372-21 the Co- ſine of 65gr. 44,22. 
m— —— the ſecond Angle, 
9.92381.27 the Tang. ot 4ogr. for SZ 
| the fide required | 


To find both the ſedes unknown. 
Add the Sine of half the Difference 


greater fide ; an 


ſubtra& the Sine of halt the Sum of the 
Angles given ; the Remainder ſhall 


of the ſides required. | 

| Add alſo the Co-fine of half the 
Difference of the Angles given, to 
the Tangent of half the ade given, 
and from the Sum ſubtract the Co- 
fine of half the Sum of the Angles 
given, the Remainder ſhall be the 
Tangent ot half the Sum of the ſide 


required. 


hen add half the Difference of 


the ſides found, to the half Sum of | 
the lame and 2 ſhall have the 
the ſame half Dif- 


ference being ſubtracted from the 
halt Sum, you ſhall have the leſs 
fide required. As in the former Ex. 


of the Angles given, to the Tangent of 


The Angle SPZ 
The àn le SZP 
The Sum 

The half ſum 
The Dif. of the angles 98 gr. 28,46. 
The ha'f Difference 


31 gr. 34,26. 
T30 Br. Jl. 
161 gr. 37,38. 


The fide PZ Sgr. 30. o. 
A2 ft 2 . 
The ſum 
The Tangent of 15 Gr. 


Half th 


Halt the ſum is 


Prop. XXVIII. Having two Angles, | 


and the ſide between them, to fond the 
third Angle. 


Let a Perpendicular fall from ei- 
ther of the Angles given, upon his 
oppoſite fide. Then 
Add the Co fine of the fide given, 
to the Tangent of the given Angle, 
From which the Perpendicular falls 
not, and from the Sum ſubtract the 
Radius : the Remainder ſhall be the 
Co-tangent of the firſt Angle. 

This Angle found ſhall be compre- 


fo gr. 43 49 the Sine 


49 gr. 14,23. the Sine 
19 er. 15. o. the Tangent 954309 36 the Tangent 9.54309.36 


ample. 


9.87935. 7 the Co: ſine 9 81434-37 


19.42244-63 the ſum 19.377373 
9.42805. 27 Tan. of 558r. 10.15477.33 
Difference ot tlie ſides is 15 Gr. o. | 
55 Gr. o. 


The ſum 70 Gr. o. ſor 8 P. 


The Diff. 40 Gr. o. toc 8 Z- 


Angle is comprehended by the Per- 
pendicular and the fide oppoſed to 
the other Angle given. Then 

Add the Sine of the ſecond Angle 
found, to the Co-fine of that given 
Angle from which the Perpendicular 
{falls not, and from the Sum ſubtract 
the Sine of the firſt Angle found ; 
the Remainder ſhall be the Cofine 
of the Angle required 

For Example- In the Triangle 
SZ P, having the Angle S ZP 130 
gr. 3, 12. SPZ 3 gr. 34, 26. and 
the fide PZ 38gr. 3omin. we would 
know the Angle PSZ. 


hended by the given fide and the 
Perpendicular, Now the ſecond 


9,393 4-44 


be the Tangent of halt the Difference 


£.99439-33 the Co fine 9.20316. 40 


— — 22 * 


— — —— — 
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9-39354.44 the Co-fine of 38gr zomin. th: 
Side given- 
$7885 7.56 the Tang. 07 31gr. 34,26. 
19-63212.00 the Co Tang, of 64 r. 18, 50- 
for PZN the firſt An-le 


The Uſe of the Table of Verſed Sines. 


9 95431.26 the Sine of 64 grad, 18,59. the 
firſt An. le found | 


ũ.'— — — 


9.95984. 54 the Sine of 65 r. 44,22 
ſecond Angle found OP 


9.9 3042.22 the Co-ſine of 31 gr, 34,26 
19.89926.76 the Sum. 


9+93545-50 the C. ſine of 30 gr. 28min, 
for P SZ required, 


He Uſes of the Table of 7erſed Sines 
are too numerous to be here all 
trcated of: I ſhall now only ſhew how by 
them more eaſily to ſolve ſom? of the 
molt uſeful Caſes of Spherical Triangles, 
which alone is enough to merit their 
Publicaticn. It has been a long time the 
Votes and deſires of many able Men in 
the Ma thematicks that ſuch a Table might 
be collected and publiſh'd, but eſpecially 
of that Ingenious and ancient — 
Mr, Fchn Collins, who has expreſſed his 
deſire thereof more than once in his elabo- 
rate pieces and from whom I had the Loan 
of ſome Foreign Tables, which did aſſiſt 
much towards the compoſing of theſe. 
Prop. 1. Two ſides of an Oblique Sphe 
zica] Triangle, with the Angle compre- 
herded, being given, to find the third fide, 
As the Cube of the Radius : Is to the 
Refangle of th: Sines of the compreh:nded 
det, „ Sv is the Square of the Sine of 
half the contained angle, To half the 
Difference of the Verſed Sines of the third 
fide, and of th: Ark of Difference be- 
tween the two including ſides. 
Which is thus, double the Log fine of 
half the Angle given, and thereto add the 
. fines of the containing ſides, and from 
the le ſt hend of the Sum, daſh out 3 for the 
Cube of the Radius, ſo reſts the Log. of hal i 
the difference of thoſe two Verſed Sines 
Which ha't difference doubled, and ad 
ded to the Verſed Sine of the Difference of 
the Legs or containirg ſages, gives the 
Verſed Sine of the ſide ſought. 
Exam. 1. In the Triangle 
Figure 5, BPL , let there be given 
the ſide BP 79* oo), the ſide 
P L 40% oct, and the contaired Angle 
BPL <29 30 to find the fide L. 
The Log, fine god. oom. 9.808967 5 
The Log. line ct 77d ocm. 9.887239 
TheLog ſire ef 269. 15m. 19.2914116 
doubled — 


The Natural fine againſt h. O8 d 20g 


Chap. VI. The Uſe of the Table of Verſed Sines. 


EE 


Is 1227355, whoſe double is 245471 
The Natur. erſed-fine37d.oom, _ 
= = —_ two os is L 

e Verſed-fine of 53m. 4468 

the fide ſought. 2 * hw 
If you make the third Term, theSquare 
of the ſine of half the Complement of the 
contained Argle to 180 degrees, you wil 
find the hal Difference of theVerſed-ſinesf 
the third fide, and of the Sum ot the two 
including ſides to be doubled, and ſubtra- 
Red from the Verſed-ſine of the (aid Sum, 

But if inſtead ot the ſecond Term be 
taken into the Proportion, the double of 
the Rectangle of tie Sines of the con- 
tarning ſides, that is, if the Log. of the 
Number 2 be added'to the Log. of the 
other middle Terms you will have the 
Log. cf the whole Differenee in the lal 
place; having found it, take the Natural 
Sine that ſtands againſt it, and add it to 
the Natural Verſed Sine ot the Difference 
f the Legs. ard the Sum is the Na 
Veyſed Sine of the Side ſought. 

Exam. 2. Let the two contaiging Sides 
be 384, 3om. and 66d, 30m. and the 
contained Angle be 20d. oom. 

The Log. Sine of 38d. 30m.—— 9.794106 
The Log. Sine of 664. zorn. 9.962978 

The Log. of the Number 2 — 0.391039 
The Log. Sine of 15d. doubled is 18.8279 

Tre neareſt Nat. Sine againſt — 38.883765 
66 30 1s —— 7 
38 30 Which taken from the Nat. 117054 
Verſed Sine of 28% 00 —— 
ore remain. 


—nſ 1 
the Natu al Verſed Sine of 4570 


This Prop. is of great Uſe to Calculate e 
Difianc:s of Places on Earth acco ding (0 
the Arch of a great. Circ'e, by their Longlt 
an! Latit. given; the Di2ances of Stars, by 
havirg their Declinations and Right Alice's 
one, or Lorgitudes and Latitudes 8 Ven, by 
means whereof the Altitudes of two Stars, df 
of th» Sun with the Diflererice of time of & 
z muh being obſe ved at any time off the 
Meridian, the Latitude. may be found. 
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CHAP. VII. 
Of Compound Intereſt and Aunuities, by Mr. 


Edm. Halley , Savilian Profeſſor of 
Geometry in the Univerſity of Oxford, 


and F. R. 8. 
Principal Uſe of Logarithms, is to ſolve all the Cafes 
of Compound Intereſt, which are not without great 
Difficulty attainable by the Rules of Common Arith- 
metick. But before we proceed to the practical part, 
it may perhaps not be improper to ſay ſomething of the Founda- 
tion or Demonſtration of the Rules we are to give. SER 
Therefore let s be any Sum of Money forborn : times: » the 
Rate of Intereſt, or produce of one Pound and its Intereſt in 
one Time; that is, as x tor, ſo one Pound to its amount after 
one Year, or other Space of Time: and let v be the amount of 
the Sum s forborn z times. Now becauſe in one Year or Time 
Unity becomes r, by the ſame Reaſon v will in another Time be- 
come rr, and rr in a 3d Time become ri, Cc. It appears that 
or r raiſed to the Powet, whoſe Index is the Number of Times, 
will be the amount of one Pound forborn : times, and therefore 
vrt will be equal to v the amount. Wherefore: multiply the 


Logarithm of r by t and to it add the Logarithm of s, theSum ſhall 


be the Logarithm of v, which is the Solution of the firſt Problem. 
IL r*.is equal to _ ; therefore if from the Logarithm of » the 
Logarithm of s be ſubtracted, and the Remainder be divided by 
t, the Quote is the Logarithm of r. 
III. Becauſe r* is equal to = if you divide, the Difference of 
the Logarithms of v and s by the Logarithm of r: the Quote is t, 
or the Time wherein the Sum s will amount to v at the Rate r. 


IV. 2 Is equal to 2, wherefore if you multiply the Logarithm 


of r by t and ſubtra& the Product from the Log. of v; the Re · 
mainder ſhall be the Log. of - the principal Sum. LE 
$5 Ed Tt | Again, 
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Again, all Queſtions concerning the Rebate of Money are 
ſolv'd with the ſame Eaſe, and after the ſame manner: Foy if 


Fe . ü | = . \ I 
in any Time, becomes 1, in the ſame Time x becomes = and 


in the ſecond time becomes 75 , and in the third— „Cc. fo 
that the Value or preſent Worth v, of any Sum , after any Time 


t, at the Rate of y to 1, will be WP to —= v. Wherefore 


multiply the Log. of r by t, and ſubtract the Product from the Log. 
of , the Remainder will be the Log. of v: which finds the Value 
of any Sum of Money payable after any Time aſſigned. 


II. = = yt, Therefore from the Log. of s ſubtract the Log. of 


v, and divide the Remainder by :: the Quote will be the Log. 
of 7. | | 
III. Divide the aforeſaid Difference of the Log. of s and v by 
the Log of r, the Quote ſhall be the Number of Years. 
Note. That Examples IV. To find what Sum, payable after : times, 
to the precedingCa- may be purchaſed for v, at the Rate of Intereſt 
eis are at tbe Begin- v, the Theorem ſtands thus: multiply the Log, 
ning of this Bok in of x by t and to the Product add the Log. of v: 
. ales the Sum ſhall be the Log. of ; ſought. 


Here Note, becauſe the Money is to be valued in Pounds and 
patts of a Pound, and the Time in Years and parts of a Year, it 
will be moſt Commodious to reduce thoſe Parts into Decimals 
(then the Work is the ſame as in whole Numbers) for which Pur- 
poſe the two Decimal Tables are annexed. 


A Decimal TABLE fer every Farthing in 3d. and 


every 3d. in 11, 


©] 
— 


F 


lo ew ol® 


Fartbings d os | 15. 25.4358 [45 | 5% 68] 75. + 8 4. 
1140104167 0 os be its „ +956 b3 35 bs 1.45 
2].00208 333 31,0125},0625|.1125þ.1625[-2125 «26251-3125[.36250.41 251-4625 
2003125 | 6025 975 þ125 4175 |-225 1275 325 375 425 475 
4. 00416667 940370875] 1375] 1375/2375] 2875þ3375+38751-4375] 4875 
0052083? = A REES 8 e Hg © 
6.00525 
7.09729167 r Le 
8. 008 33333] 0.5 [55 „ þ%5 7 75 Ps 85 „ 95 
9. 09375 25125 5625 6125166257125 7625181258625 9125 9625 
19.0 041667]. 6525 575 85 675 725 775 [825 £75 925 [75 
11017458 330 9.537515875L6225T58721-2327L7825L8325˙88759275L2875 


A 1s [ir 5 [325, 13 4.145. 15 5. 16s, | 175 | 18s | 19% 
0 


eo Pay Be} 


=) 
F 


[ 
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The Decimal parts of 1J. may be valued by the preceding Ta- 
ble, or at ſight thus, viz. the firſt Figure doubled is Shillings, 
the ſecond and third joyn'd are Fatthings, abating one for every 
25 for .025 is 64 .o50 is 1s, and .o75 is 18d. 


A Decimal TABLE of Days and Months in a Tear. 
Vite, That every Column begins with the Decimal of an even 10 Days, and in- 
creaſes downwards, ſo the Decimal of 20 Days is ,054795, of 21.057634. 


1oday2044y:] days ee 


28 164 384J.191781219178 2465751 © 
167123), 1945 21 >221913.249315| 1 
- 16985 31.1 97260 8 21 


— 


| 027397 
2. 0479.032877 
ö 3.008219. 616 

4.01095 9.38370 
9.013699. 041096 
6.016438. 0438 36 . 
7.019178. 046575 
8 0219181.949315}. 
9. 024658] . 


— — 


172603 ʃ. 3 2273970254795 3 
12054, $[-175342|202740|-230137þh2575 24) 4 

-1 50685þ 178082. 2054792328726 5 | 
7þ-153425|þ 1808 22]. 20821 2376725262517 6] 
156164133552 21095 9Þ-233356þ265753' 7 
-136301].213699 .241096,-263493' 8 
247]. 616 189041021138 2⁴3³³ 3622123 9 | 


ya H—_—_.4 


Months Decim, Months Decim. Dec:m {Month Decim. 100l. 253973 
10.083 233 433333 78333 10. 8333231 200.4 ICI 
21.160667 5.41665 666667 11916667 3001.821918 
21.25 6.5 75 12{1. 30 61. 


— — — 


The following Table ſhews the exa& Number of Days from any 
Day propoled in any Month, to the ſame Day of any other Monch 
throughout the Lear: For Inſtance, from the 1ſt, toth or 2ath 
of June to the 1ſt, roth or 2oth of March is 273 Days, I find Fuze 
at the Head and look down that Column, and over-againſt March in 
a Right-line is 273, ſo if it was from the 15th of June to the 16th 
of March. I conſider, that the Number of Days is one more than 
273, vizx 274 Days. The ſame Way is found any Number of 
Days in any Time under a Year by Inſpection, 

| Jan, Feb. | Mar| Apr. July Aug Sept Yo. Nov. Dec. 

Jan. [365133 306 184 153½1 22] 92 61 31 V7/an. 
Febr. } 313651337 215184153123 92] 62|Febr, 
Mar. | 59] 28j365 24312821181 151120] go[Mar, | 


Apr._| 99] 59] 311365 274/243]212]182.151/12 1/4pril 
May [120] 89 61 3og[2731242]312/181|15 1|May | 


June |151]120þ- 92 335304730243 212|182|June 
July 1811500122 368667334 3031273 242212 
4 12141053 30,36 51334, 394 373,243] Augul 


62] 31665335 394 het. 
92] 61] 30365334 304\0(ob. 
Nov. 394]2731245 123] 92] 61] 31365''25/Nov, 
|Decem.\3 241202 275 


Sept. 243 212/184 
Octob. [2731242 214 


4 8 IF zIt azeti GT 20 26 Decem. 
mY” 7 1 t 2 e 


10 
\ I 


28 Of Compoand Intereſt and Annuities. 


The Logarithms are alſo ſerviceable to reſolve all Queſtiong 
concerning the Amount or preſent Worth of Annuities, not paid 
as due or purchaſed to be paid for time-to come. Let there- 
fore a be any Annuity or yearly Penſion, whoſe ſucceſſive 2. 
mounts for times paſt are ar, and whoſe preſent Values are 


55 ſucceſſively, by what goes before: And the Series, Ce. ar ; 
ar*, ar*, ar", ar, a, _ = = —> Oc. will be a Rank 
of Mean Proportionals continued infinitely in the Ratio of r to 1: 
now the Sum of all the Conſequents, or of the whole infinite 
Series, will be to the ſaid Sum encreaſed by the next greater 
Term (or the Sum of all the Antecedents) as 1 tor (by 125 
Elem. Eucl.) Wherefore putting y for the ſaid Sum of the Con- 
ſequents 7 y will be equal to j + ar, the Sum of the Antece- 
| | e PE - 
dents; and yy—y=ar* : and therefore —— will be equal to 
y, the Sum of all our Mean Proportionals, whereof a r'—1 is 


| the greateſl, And by the ſame Rule gr will be the Sum of 


all the Terms whereof 7 is the greateſt, So that if we ſubtra& 
j f 
from. the Difference will be the Sum of all the Terms, 


—1 
whereof ar'—1 is the greateſt and a the leaſt, their Number being 
z ; which Sum we will call z. = therefore is thus to be expreſſed 
1 : | 
As the Amount of the Annuity @ forborn 7 tines 
at the Rate r. Wherefore from the Logarithm of a ſubtra& 
the Log. of r—1, and to the Remainder add theiLog, of r*, From 
the Number anſwering to this laſt Sum, ſubtra& the Number an- 
prong to the Remainder, the Difference ſhall be the Amount 
ſought. ; SID 
Example, What will an Annuity of 34. 4. forborn 12+ Years a- 
mount to at 6 per Cent, per Aunum, t 

Log 4 =34,4=1.5365584 

Log. 7— 1 2 o. os = 8.77815 13 | 

Remainder 2-758407: Numb 333, Oc. 

Ar = 03163237 | 573.3335 

de | 3-0747308 Numb. 187.7661 


614.4328 22 
14-43 Th 
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The Annuity, its Amount, and the Rate of Intereſt being given 
: | to find the Time. 75 
ad Xx YT —4 


1 


— 


a 
r—I 


By the foregoing Rule = 2 therefore 2 | 


— r, Wherefore from the Log. of a ſubtra& the Log. of 


1: to the Natural Number found by the Remainder add the 
Amount propoſed, and from the Log. of the Sum ſubtract the a- 
fore-found Remainder, which ſhall be the Log. of rt. This divi- 4 
ded by the Log. of r ſhall Quote the Time required-. | 
Example, In what Time will an Annuity of 34,4 J. amount to 
614.4328 at the Rate of & per Cent. : 
Log. a = 34.4 1.365584 | P 
Log. r—1=0-06=8.7781513 : | 
Remainder 2.758407; Numb. 573.333, Cr. 
| 61432 Oc. 
Log. 3.074738 1187.7661 
,0252059)0.316g237( 124 Years=T. 
III. The ſame Equation in Order to find what Annuity being 
forborn 1 Years, at the Rate , will amount to z, is reduced to 


8 a, whence the Rule. To the Log. of the Amount ,,, 


1t— 1 
add the Log of —1, and from the Sum ſubtract the Log. of 
-i, the Number anſwering to the Remainder is the Logarithm 


of a. 


Example. 


An Annuity forborn 124 Years amounts at 6 per Cent. to the Sum 
of 6141. 4328. how much 1s that Annuity, a 
Log. z 222.7884744 0,0253059 
Log, r—1=8.7781513 122 

: 1-5666257 0,0126530 $54 

; 0-0300671 0,3036708 | 
Log. a 1.5365586 0,3163238 Log rf =2,071685 
EC: 


43444 | Log. 0,0300671=1,071685=xi—x 


IV. In Order to find r, the ſame Equation is reduced 0.—1 


== r—#*, or in our preſent Caſe 16.8614 = 17,8614 r „. 
Which is ſo affected as not readily to be reſolved by the ” 


ral, 
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ral Method for Reſolution of Equations, unleſs we can firſt a 
proach it by ſome other Means. For which Purpoſe take the 
following Rule (which will ſuffice where extream Exactneſs is 


f—1 


6 
not demanded. ) I — t+y, and ler b. I ay, 


that 93  2by — “ is exceeding near the Increaſe of the Rate 
or r—1. | | 

Wherefore from Log. of the Amount, ſubtract the Sum of the 
Logarithms of the Time and Annuity, and the Remainder divide by 
— - The Quote ſhall be the Log. of 145. From the Log. 
of 6, ſubtra& the Logarithm of : ＋ 1, and to the Number an- 
ſwering to the Remainder, add twice y: To the ſaid Remainder 
add the Logarithm of ,), and half the Sum ſhall be the Loga- 
rithm of 4/6bþ-26by, from which Square Root ſubtract b, the Reſidue 
will be very near the Increaſe, or r—1 : and adding 1, the Rate 
r is found. If extream Exactneſs be deſired let 1 thus found be 


aſſum'd, and an compared with = — 1; will always be 


greater than it: and dividing the Exceſs by r 7, the Quote 


added to v ſhall verify as many more Figures in the Rate as were 


true in the aſſumed v. | 
Example, 


An Annuity of 34. 41. forboin 12 + Years amounts to 614 “. 
4328. It is required what Rate of Intereſt is allowed. 
; 2.7884744 Log. 2. 
1.0969100 Lag. t. 
1.5365586 LK a 
2.6334686 | | | 
=) 0.1550058 (,0269575 = Log. 1 + y = 1,06404 
"a8 | 2y = ,128028 
| 5 — 6_ = + = 0,44444» Tc. Log. 96478175 
131 1 2y = 0,12808 fy 
| þ+2y = y 0,57252 Log. 9:7577936 


bb {-2by Log. 19.4056111 
0,504435 V. 9.7028055 
. 434444 


,059991 r-, wherefore 


I. After 
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IL. After the ſame manner the four Caſes relating to the Purchaſe 
of Annuities are readily ſolved by Logarithms, and the Theo- 


rems diſcovered with the ſame Eaſe ; for a, — = — "Ts Oc 


being a Scale of mean Proportionals in the Ratio of r to 1, put 
y for the Sum of all the, Conſequents infinitely continued, where- 


of — is the firſt, and that Sum will be to the Sum of all the 
Antecedents whereof a is the firſt, as 1 tor, that is as 17: 7 
ry, ſo that ry = + 4, and — will be equal to y the Va- 
lue of the Fee, or the Sum of all the mean Proportionals leſs 
than a. And by the ſame Rule r will be the Sum of all 
the Means leſs than Ir or the Value of the Reverſion: and 
3 . 
"Xx —1 will 


be equal to = the Sum of all the Means, whereof 2 is the ah 


ſubtracting the one Sum from the other => _ 


teſt, and It the leaſt. Wherefore from Log. of the Annuity ſub- 


tract the Log. of r—1, and from the Reſidue ſubtract alſo the Log. 
of r*, the Difference of the Numbers anſwering to the two Re- 
mainders is the preſent Value ſought. 


| Example. 
What is 70 J. per Anuum to continue 59 Years worth in preſent 
Money, at the Rate of 5 per Cent; per Aunum. 
Log. 0.0211893. 1.8458980 Log. 70, =a 
nes _ 39 B.6989700 Log-,05 =r—s 
0.1907037 3 1461280 Log. 1400= The Fee. 
J.059465 12591697 
1.2501687 1.8959593 Log. 278.6972 The Reverfion 
1321.3028 The Value ſought 
The ſame Equation may be reduced to the following Propor- 


I 
tion, as —1 to a, fo 1 — t to z the preſent Value ſought. 


Wherefore take Ar. Co. of Log. of r*, and ſubtra& from Unity 
the Number anſwering thereto, To Log. of the Remainder add 


Log. of a and Ar. Co. of r — 1, the Sum ſhall be Log. of z. As 
in the former Example. 
Log. 


Ax. C0.8-74983 13 =,0562123 
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.r=1.,2501687 ® . 
55437877 Log. 9.974874 
Log. 4 1. 8450980 
Co. Ar. 1. 3010300 r—r 


Log. z 3. 1210022 = 1321,302$ 


II. If the Time be ſought, having the Annuity, preſent Worth 


a 
ant | 


and Rate of Intereſt given, yt will be equal to (or the Fee) 


divided by the Value of the Reverſion, that is by —— —z, 


r7—1 
Whence the Rule. From the Log. of the Annuity, ſubtra& the Log: 
of the Intereſt or ry — 1; with what remains ſeck the Natural 
Number, which will be the Value of the Fee; trom it ſubtract 
the preſent Worth, the Reſidue is the Value of the Reverſion. 
Take the Log. thereof from the Log. of the Fee, and the Reſidue 


will be Log. of rf. Wherefore divide that Reſidue by Log. of r, 
the Quotient will be ? the Number of Years ſought. 


_ Example. | 
In what Time will an Annuity of 70 J. per Annum pay off 2 


Debt of 13214: 3028, allowing the Creditor 5 per Cent- per Annun 


 1.8450980 Log, 70 =a _- 
8.6989700 Log. o =r —1 ; 
3-1461280 Log. 1400 = The Fee 


Log. Reverfion 1-8959593 © 1321,3028=z 


0,0211893)1.2501687(59. 78,6972 = Reverfion P 
Or thus, to Log. of z add Log. of i, the Number anſwering to 
the Sum ſubtra& from the Annuity a: The Log. of the Remainder 


taken from Logarithm of a leaves the Log. of r* as before. 


Log- 2 3.1210023 Log. 70 = 1.8450980 
Log.r—t-8.698g700 Jo Tog.3-9340c.0.5949293 _ 
1.8 199723 Log. 66.065 14 Log. re 1-2501687 as bel. 


3.93486. | | 
III. Having the Time, Rate of Intereſt, and preſent Worth 
propoſed, to find what Annuity that Sum ſhall purchaſe. By 
tranſpoſing the Proportion mentioned in the firſt Problem, it will 


be as 1 — — to z, ſo r—1 to a the Annuity ſought, 


Wherefore from the Sum of the Logarithms of z and r—1 ſub« 
trad the Log, of 1 — > the Remainder ſhall be Log. of a. 
| Example 
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| Example: 
What Annuity to continue 59 Years can be purchaſed for 
1321.3028/, at the Rate of hive per Cent. per Annum. 
Log, r* = 1.2501687 


1 
Co. Ar. Log. vt = 8 7498313 = 50562123 
1 ; 
29437877 Log. 99748743 


yp 


rc 
Log - X =3-1210022 
Log. r—1=8.6989700 
1.8199722 
9:9748742 
Log. a 1.8450980 = 70 

IV. The Annuity, ics preſent Worth, and Time of Continuance 
being propoſed- It is required to find the Rate of Intereſt, that is 

4, 2 and t being given to ſeek r. 
This Problem being of more Difficulty than appears at firſt 


5 a 
Sight, and requiring the Solution of this Equation” Xa, 


t+1 
. to which it is reduced; thete muſt be applied ſome 
Method of approaching the Root r, which is by no Means evi- 
dent: And that Approximation as the Number of Years and Rate 
are greater or leſs, cannot properly be obtained by one General 
Rule ; but rather by two, according as the Value of the Reverſion 
is greater or leſſer. 

If the Number of Years be great (as ſuppoſe 40 or upwards) 


eſpecially if the Rate of Intereſt be high x + 2 will be nearly 
z + a x 


the Rate, or more accurately - — 8 Call itr; 


will be exceeding near the Value of the Reverſion- 


TX r—1I 
Let it be x, then x 4- —_ ſhall approach the true Rate ſuf- 


ficiently. But it greater Accuracy be deſired by repeating this 
rus you cannot fail of your Deſire. Hence this Rule: From 
og. of a, as alſo from Log. of z ＋ a, take Log. of x, this lat- 
ter Remainder ſhall be nearly the Log. of the Rate. Multiply 
that Log. by t, and to the Arithmetical Complement of the 
Product, add the firſt Remainder. The Decimal anſwering to 
the Sum taken from the former Rate ſhall give a more corre& 
Vy Rate, 
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Rate. With that Rate ſeck the Revetſion after the Time given 
x, which add to x. From Log of a take Log of z+x : The 
Remainder ſhall be the Log. ot the Intereſt or yr — 1 ſufficiently 
near. | 


| Example. 
1321. 30280. is paid for an Annuity of 70 l. per Annum for 59 
Jo's to come · I demand the Rate of Intereſt allowed the Pur- 
CNalcr; | 


a Log. 1.8450980 & + a Log. 3.1444217 


z Log. 3.1210022 & Log. 3.1210022 
8.7240958 0,0224195 1.05 2978 


39 002520 — 
1.05045 8 Log. o.o2 13787 1.322750 1.050458 = x 
p17. Wks 59 8.677250 Co. Ar. 
„ Logr* 12613433 724096” Lag. © 
05045 8=r—1= $.7029300 7-401346 Log. 002520 
1 — 99642733 
Co. Ar. o. 0357267 
Lsg. 1.845098 1321. 303 . Lag. a 1.845090 
1.888247 76. oo = Reverfion x 
| 1397. 205 Fe 2+xL0g.3.1452912 
Intereſt ſought ,050096 Leg.8 6998068 


If the Number of Years be ſmall, the aforeſaid Rule will a- 
vail little. In this Caſe fit will be requiſite to approach the 
Rate thus. Let ; - : be. the Index of a Root of =; from 


which Root take Unity, and. the Remainder call Y, and let 


_ be called ö. I fay, that 1 + 5 „ 275 is ſuffici- 
ently- equal to r the Rate ſought, and will be ſtill nearer the 
Truth, as the Number of Years is ſmaller; and the Error that is 


will be alwaysin Exceſs. Hencethe Rule: Divide the Logarithm 


of = by = and from the Number anſwering ro the Quote 
take Unity: Double the Remainder, and ſubtract it from J; that 
is from the Quote of fix divided by :—1 : To the Logarithm of 
what remains, add the Log. of ö. Then the Number anſwering 
to halt the Sum of thoſe Logarithms taken from 1 + þ will leave 


the Rate fought. 


9 


Exam- 
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E xample. 


An Annuity of 20l. per Annum, to continue 21 Years, is fold 
for 2201. I demand the rate of Intereſt allowed the Purchaſer. 


a = 20 Log. 1.3010300 6 n 
t = 21 Log. 1.3222193 9 þ = = 03 


a * t 2.6232493 
22220 Log. 2.3424227 Log. 
t + 1=11) 02808266 (0.0255297 
2 Numb. 1.06054 
25 SS . 12108 . 
“ 0.3 [g. 9. 4771273 
b—2y 0.17892 Log. 9.226589 


| x 0.23168 18.7297802 
1i+b—y/=y 1.06832 4 993648901 f 
The Rate ſought. | p 


The Rate v thus found is always ſome ſmall matter too big, 
the true Rate being 1.06814 ; but as the Number of Years are 
fewer, the Error becomes inſenſible. If greater Exactneſs bs re- 
quired, twill be eaſy by the General Method for the Reſolution 
of Equations, having'ſo near an Approximation to proſecute this 
Enquiry as far as you pleaſe, But this ſeems abundantly ſufficient 
for Ule, which is our principal Deſign in this Place. 


Lafily, By way of Corollary to the former. Let it be required to 
find the Rate of Intereſt allowed the Purchaſer when he pays aSum 
z, for an Annuity = a, wherein he has already a Term t, to 
have it prolong'd for a certain Time =x. As for Example, I have 
an Annuity of 201. per Annum for the Term of 21 Years, and for 
40). paid down, I can have my Term prolonged for roYears more, 
or to 31 Years. I demand, what Rate of Intereſt is allowed me. 
Rule, Call 2: LA + 1by the Name of 7. and 3j T ſhall be the Ra- 


dical Sign of a Root of © * Let = be equal to 1 Þ+ y, and 
67+6 


r =b. I ſay the Rate ſought is very near to 1+ b— 
v bb — 2by. As in the foregoing Example, 


Vy 2 Log 


* 1 
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Log. a =1.3010300 2t+x-+1 = T= 53 
Log. x . ooooooo | 

2.3010300 6T+6 

1.6020600 DE eines Ge bon U | 


27261 )o.6989700 (0.0263762, Log. 1.062616 
5125232 = 2y 
Log. b 0.5105450. 3-24 
0.49342537-_ 3.114768=b-2y 
1.039707. | 
4 o-5019853. 3.176768 / bb — 2by 
The Rate =r = 1.063232 
or 61. 6s. 5d. per Cent, 


As will be readily proved by ſecking the Value of the Reverſion 
of an Annuity of 201. per Annum for Ten Years after 21; at the 
Rate of 1,063232 per Cent. The Work ſtands thus. | 


I. 63232 Log. 0.0266280 Log. 1 
Log. rt o. 5 591880 Log. rt 
8. 8009369 Log. 7—1 
9.360 1249 Sum 
0.639875 1 Comp. Arith. 
i 1. 30 10300 Log. a 
Reverſion. 87,2781 1.940905 1 Log. Reverſion after 21 
o. a 662800 Log. 7. 
Reverſion. 47.3743 1.674625 1 Log. Reverſion after 31 
Value 40.0038 ſought. 


Thus it appears that 40 J. and about one Penny, is the true Va- 
jue ot the Difference of the Reverſions : by which the Reader may 
judge how near an Approximation the foregoing Rule affords, to- 
wards ſinding the Rate of Intereſt, when the Value of an Annuity 
for a Term of Tears to commenc after a certain Time is propoſed. 
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The Propoſitions of Navigation 
that occur in the Practice of Sailing by 
MERCATOR. 


N this Collection of Tables we ſhould by no means have omir« 
red that moſt neceſſary one of the Meridional Parts, deſigned tor 
the Service of Navigators, if it's Uſes were not fully ſupply d by the 
Table of Logarithmic Tangents: As is demonſtrated in Ne 219 of 
the Philoſophical Tranſactions. It is there proved. 15. That the 
Meridional Line, or Scale of Mercator's Chart, is a Scale of the Lo- 
garithm-Tangents of the half Complements of the Latitudes. 24%, 
That ſuch Logarithm-Tangents of Mr. Brigg's Form, are a Scale 
of the Differences of Longitude, upon the Khumb which makes an 
Angle of 515. 38': 9”. with the Meridian. And 3dly. That the Dif- 
ferences of Longitude, on differing Rhumbs, are to one another as 
the Tangents of the Angles of thoſe Rhumbs with the Meridian. 
Hence it follows, that the Difference of the Logarithm-Tangents 
of the half Complements of the Latitudes, is to the Difference of 
Longitude a Ship makes in Sailing on any Rhumb from the one 
Latitude to the other, as Tangent of 51038 9g”. {whoſe Logarithm 
is 10.1015104 :) to Tangent of the Angle of the Rhumb or Courſe 
with the Meridian, So that it two Latitudes, and the Difference 
of jLongitude be given, the Courſe is readily determined by this 
Rule. Take, by help of the Tables, the Difference of the Logarithm- 
Tangents of the half Complements of the Latitudes, eſteeming the 
three laſt Figures to be Decimals ; and ſubtra& the Logarithm 
thereof from the Sum of the Logarithms of the Difference of Lows 
gitude reduced to Minutes, and of the conſtant Log. 10. 1015 104, 
The Sum ſhall be the Log of the Tangent of the Courſe. And to 
Log. of the Secant of the Courle, add * the Difference of La- 
— reduced to Minutes, the Sum ſhall be Log. ot the Diſtance in 
mutes. 


— 


Ext 
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_ Example: 

The Lizard is in Latitude 49 55' North, Barbadoe in 13*10' N. 

Differenge of Longitude 530 oo', or 3180 Minutes. Difference of La- 
titude 2205 Minutes. | 


| 3.502427 1. Leg. 3180 

euer 5. 7 1115 J Tang Aggz085 104015108 
. 40. 5 $? 720 21 Tan. 9. 5620477 3.6039 775. 

Dit. 3372, Sof log. 3.279654 Log. Dif. Tang. 

Tang. 49“ 50 10% 10.075971 Tang, Courſe, 
10.1918071 Secant Courſe 
3-3434086 Log. 2205 
Minutes. 3429.38 3.53621 57 Log. Diſtance, 


Thus may a Ship at Sea eſtimate the true Courſe ſhe mult Stent, 
and the Diſtance of her Port. 

II. If two Latitudes and the Courſe being given, the Difference of 
Longitude is obtained with the ſame Eaſe: For as Tangent of 51* 
38' 9 to the Tangent of the Courſe, fo the Difference of Logar: 
Tangents of the halt Complements of Latitudes, to the Difference 
of Longitude ſought. | Wherefore from the Sum of the Logarithm- 
Tangent ot the Courſe, and of the Log. of the ſaid Difference of the 
Logarithm Tangents of the half Complements of the Latitud, ſub- 
tract the conſtant Log. 10. 10 15 104: the Remainder ſhall be Log. of 
the Difference of Longirude in Minutes: as in the former Example. 
Let the Latitudes be 49 55 and 137 100, and Coutſe 49 59' 10”. 


The Diff. of the Log. Tang. 3372,605 its Log. 3.5279654 
| Log. Tang: Courſe 19-075 9721 


13.6039375 
10. 1015104 


— — 


Log Long. = 3180 © 3:5024271 or 53g. 


By this Rule, having two good Obſervations of the Latitude and 
the Courſe duly ſtear d, the Reckoning of a Ship's Way is beſt aſ- 
certained, eſpecially if you ſail near the North or South. 

III. The Latitude you depart from, the Courſe Stear'd and Di- 
ſtance ſailed being given, its required to find the Ships Latitude and 
Difference of Longitude. Firſt the 1 atitude is obtain'd from the 
Conſideration that the Diſtance is to the Difference of Latitude or 
he Hypotinuſa to the Baſe, as Radius to the Co-ſine of the Courſe, 
which is common to Plain Sailing. Then having the two Latitudes 
and Courſe, the Difference of Longitude is ſound by the laſt Rule. 


- E xam- 


Propoſitions of Navigation, * & TY 


Example. Ez 
I have Sailed from the Lizard on a Courſe 46* 59%o"! South» 


welterly 3429.38 Miles: Tis required in what Longitkde and 
Latitude the Ship is found. | * 


Log. Diſt. 35352157 | | 
Log. Co-fine Courſe 9.8081929 min. 49* 53 
Log, Differ. Latit. 33434086 = 2205 or 36_ 45 
Latit- ſought 13 10 

By which Latitude now known, the Difference of Logarithm- 
Tangents will be found 3372.605 and the further Proceſs in nothing 
differing from the Second Rule, whereby the Difference of Lon- 
gitude will be found 53 oo”. 

Thus the dead Reckoning by the Logg, and daily Account of a 
Ship's way is duly kept, and the Trouble thereof very little more 
than by Plain-Sailing. 

And theſe are all the Caſes that occurr in Practice ; the reſt that 
are moſtly Speculative, are either eaſily reducible to theſe, or elſe not 
to be performed by Logatithms, and therefore come nor at preſence 
under our Cognizance. 3 

Only *tis to be Noted, that both the Complements of the La- 
titudes are to be Eſtimated from the ſame Pole of the World; 
it is not material from whether: and therefore it one Latitude be 
North, and the other South, you mult add go Degrees to one of 
them, and ſubtract the other from 90, and then take their halves. 
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ADVERTISEMENT T. 


E AR Union-ſtairs, à little below the Hermitage, London; 

Gentlemen are in the beſt Manner, (in a pleaſant Houſe, ſcituate 
by the River fide) boarded and taught the Mathematicks, viz. Arithme- 
tick, Geometry and Algebra, with their Application to Trigonometry, 
Navigation, Menſuration, Su veying, Gauging, Gunnery, Fortification, 
Perſpective; the Uſe of the Globes, Project ion of the Sphere, Aſtronomy, 
Dillaing, &c. and alſo Merchants 4ccompts after the Italian Manner; 
by Tho Haſeiden, formerly Teacher of the Mathematicks to his Ma- 
Jeſties Volunteers in the Royal Navy, and Author of two ſmall Traci, 
written in Defence of the Mercator's and againſt the Globular Pre- 
 Jeflion of Sya-CHanrs. 


B-OOKS of Navigation Printed for Thomas Page, William and 
- | Fiſher Mount. 

H E Caaſting Pilot for England Scetland, Holland, SM. 4 
be E. Pilot for che Channel, Engliſh Pilot for the Streigbts, » 
The Englith Pilot tor the Northern Navigation. 
The Englith Pil-t for the Weft Indies, En liſn Pilot for the Faſt- Indies. 
Sea-Atlaſs, containing Charts of the Sea Coaſt of the whole World, 
The Mariners New Kalendar. By Nathaniel Colſon, 
The Mariners Mazazine, By Capt. Samuel &turmy, Folio. 
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| The Sramans Kalendar. By Heniy Phillips. JS 
The Scamans New Kalendar. By William Leybourn, 1 K NG 
The Seaman's Practice. By Richard Nor wood. . 


Nor woods Doctrine of Triangles, applied to Navigation. er 
Practical Navigation; or, an Introduction to the whole Art. 
The whole Art of Navigation. By Capt. Daniel Newhouſe. 
A Light to the Art of Gunnery, By Capt. Thomas Binning. 
A Syſtem of th? Mathematics, containing the Eucledian Geometry, Plain 
and Spherical Trigonometry ; the Proj-ctiun of the Sphere, Aſtronomy, the 
Uſe of the Globes and Navigation: 1 he Manner of Computing the Appulſe 
of the An to the Fixed Stars; New. Solar Tables, with their Conſtruction 
and Uſe, Tables of the Suns lace, Right A lcenſion, Declination, Equation of 
| Natural Days for every Four Years, c. and a Catalogue of the Right Aſcen- 
3 ſions, Declinations, Cc. of the moſt Eminent Fix:d Stars: Deduced from the 
Flamſtedian Obſervatims. The Conſiruction of the Me ridional Parts, Loga- 
rithms, Sines, Tangents, and Serants: With an Acconnt of the Cycles, Periods, 
Epacha's, Epats, K zlendars, &e, 

Alfa a Table of Meridzonal Parts for every Degree and Minute of Latitude 
to the Ten Thouſandth Place in Decimals, calculated de Nove; with a Table 
of the Latitudes and Longitudes of Places; the whole being deſigned for the 
Uſe of the Mathematical School, founded by King Charles II. in two Ji. 
By: James Hidgſon, © © . 7 

Navigation New Modell d. By Henry Wilſon. Ps | 

The Compleat Med-liſt, or Art of Rigging; ſhewing how to raiſe the Model 
of ary Ship; and to find the Length and Bigneſs of every Rope, with the Weight 
of their Anchors and Cables. 

The Boatſwain's Art; ſhewing the Art of Rigging any Ship, Cc. 
The Cempleat Shipwright. By Edmunl Buſhnel, Shipwright. 
The Ship-Builders Aſſiſtance. By William Soutberland. 
Compleat Ship- Wright and Mariner. 
The Seaman's Glaſs, with the Uſe of the Plain-Scale in Navigation. 
Sea-Gunners Companion. By Capt. Prozgy,  , __ . 
An Epitome of the whole Art of Navigation, containing an eaſie methodical 
way to become a compleat Navigator. By J. Atkinſon, 18 
E Epitome of Navigation the Three kinds of Sailing; Aſtronamy and Gecgra- 
\ Ph, with uſeful Tables in Navigation. By H. Gellibrand, © © 
Nr woods Epitome of Navigatiop, with Additions, By J. A. 
| Mariners Compaſs ReQiftied, BY Andrew Wakely, much enlarged, 
The uſe of the double Scale of Prqportion. By Seth. P artridge. 
An Epitome of Navigation, By I/flliam Jones, N ' 
Arithmetical Trigonumetry. By Mart Feſter. 
Key to Arithmetick and Algebra. By J. Parjons, | 
N B. There ave all ſert of Mathematical and Sea-Rooks, Pilots and Sea- 
charts for all Parts cf tbe Werld, Plain and Mercator; or Books of any other Sub- 
Jeits;, Paper, or Paper-Bzobs, the veſt Ink, and all other Stationary-Ware, 


